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Abstract 
In Chattanooga, Tennessee, tens of thousands of tons of coal tar were disposed 
of in Chattanooga Creek during operations of the Chattanooga Coke Plant (1918-1987). 
Coal tar is composed of thousands of organic compounds, which span a wide range of 
molecular weight. Many of these compounds are polycyclic aromatic hydrocarbons 
(P AHs) and are known carcinogens. Chattanooga Creek is an urban creek, which runs 
through the southern part of the city of Chattanooga and is surrounded by industrial 
development, residential neighborhoods, parks, and schools. Due to the hazardous nature 
of coal tar and coal tar constituents, portions of the creek and the adjacent floodplain have 
been placed on the National Priority List for Superfund Sites (U.S. EPA, 1999a; U.S. 
EPA, 1999b; U.S. EPA, 1999c). 
The focus of the research described in this thesis is to assess the influence of 
flooding on redistribution of PAHs, which are an integral part of coal tar, from the creek­
bottom sediments of Chattanooga Creek. Specifically, we hypothesize that creek bottom 
sediments contaminated with P AHs and related compounds are re-suspended during 
flood events and deposited in the floodplain. To test this hypothesis soil core samples 
were extracted, from depths of up to 189 cm, at two transects located in the floodplain 
approximately 0.5 and 1.0 Km downstream of the coke plant, to determine the 
distribution and concentration of coal tar contaminants, and to assess transport processes. 
Petrographic analyses indicate the presence of trace amounts of small ( < 2 
mm) fragments of coal, slag, and possible solidified tar in the floodplain sediments. 
These fragments are likely from the coke plant or from other industrial sites along the 
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creek. Sediment age dates, based on 137 Cs measurements, indicate that the floodplain 
soils are relatively young and that depositional rate ranges from 0.7-2.0 cm/yr. 
Concentrations of the 16 US EPA Priority Listed P AHs in the sediments were measured 
by extracting the P AHs with a Soxhlet Extractor and analyzing the extract with a Gas 
Chromatograph coupled with a Mass Spectrometer. The results indicate that the PAHs 
are widespread and concentrations are relatively high, ranging from total PAH (tPAH) 
concentrations (for the 16 priority compounds) of 0 - 1,950 mg/Kg of soil. The zone of 
high tP AH concentration extended from ground surface to depths of 22 to 87 cm with 
generally greater contaminated thickness occurring nearest the creek. The only exception 
was one core, where tPAH concentrations decreased with depth, then sharply increased 
due to the presence of large amounts of immiscible coal tar (possibly due to local 
dumping of tar on the floodplain). Thickness of the zone of measurable 137Cs (indicative 
of post-1959 deposition) is less than the thickness of the zone of P AH contamination and 
also decreases with distance from the creek. This indicates that deposition of PAH 
contaminated sediments is ongoing and its onset pre-dates the 1959 occurrence of 137 Cs 
in the atmosphere, as would be expected if the coke plant was the principal source of 
PAHs. 
The widespread occurrence of P AH contamination in the floodplain sediments 
without corresponding widespread tar occurrence, suggests that P AHs from the tarry­
stream bottom sediments are sorbing to non-tarry sediments (mineral and organic matter) 
in the creek prior to being entrained during flood events and deposited in the floodplain. 
It is expected that flooding may be an important mechanism for transporting P AHs into 
V 
floodplains at many other sites where coal tar or related compounds occur in stream 
bottom sediments. 
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1. INTRODUCTION 
Throughout the United States, from the mid 1800's until the mid 1900's, the 
manufactured gas industry was a booming business. Between 32,000 and 52,000 
manufactured gas plants in the U.S. produced energy, primarily from coal, with a smaller 
number of plants dependent on wood and other organic feedstock (Hatheway, 2004a; 
Hatheway, 2004b). Manufactured gas plants used anaerobic combustion as a way to 
convert solid coal into a combustible gas. During this process a high-energy solid 
residue, coke, and a liquid by-product, coal tar, were produced. The by-product coal tar, 
a black viscous liquid, is thought to be composed of over 10,000 compounds, only 400 of 
which have been identified {A TSDR, 2001 ). These compounds span a wide range of 
molecular weights and also vary greatly in solubility and hydrophobicity (Bayard et al., 
2000; MacKay and Gschwend, 2001; Mackay et al., 1992). When the more soluble 
compounds are slowly released from fresh tar into the environment, the density and 
viscosity of the remaining tar increases and the tar becomes enriched in high molecular 
weight polycyclic aromatic hydrocarbons (P AHs ), before ultimately becoming a 
semisolid called pitch. Many of the high molecular weight PAHs are known carcinogens, 
with inhalation, ingestion, and dermal contact as the primary routes of exposure 
(ATSDR, 2002; NIOSH, 2004; U.S. EPA, 1999c). 
In 2000, the United States Environmental Protection Agency (EPA) identified 
as many as 1,613 National Priority Listed sites (NPL ). At least 46 of these sites have 
coal tar, creosote, or coal tar pitch (ATSDR, 2002) and 600 locations have PAHs 
(A TSDR, 1995). Many of these sites are either present day or former manufactured gas 
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plants (FMGPs ). Because many FMGPs, which produced coal tar and creosote, are 
located at or near streams or rivers, there is potential for substantial downstream transport 
of coal tar compounds ( e.g. P AHs ). 
In Chattanooga, TN, there is a FMGP called the Chattanooga Coke Plant (also 
referred to as the Tennessee Products Site), which is located near the floodplain of 
Chattanooga Creek and operated from 1918-1987. During operation, coal tar was 
disposed of by a variety of methods including on-site disposal in tar-piles, drainage into 
the creek through runoff channels and storm drains, and dumping directly into the creek 
or onto the floodplain (U.S. EPA, 1999a; U.S. EPA, 2002; U.S.EPA, 1992). As a result, 
coal tar accumulated in the creek in the form of tar-rich creek-bottom sediments, which 
were up to 3.7 m thick (U.S. EPA, 1999c). The tar-rich creek-bottom sediments and the 
tar-piles within the floodplain posed the most immediate health risk. Therefore, EPA 
placed portions of this site on the NPL and initiated a remediation effort which has 
included removal of the floodplain tar piles and excavation of creek-bottom sediments 
from approximately 1 .3 Km of the creek in 1998 (U.S. EPA, 1999a; U.S. EPA, 2002). 
Although there has been a significant amount of research on transport of 
heavy metals sorbed to sediments in river systems, there has been very little research on 
the transport of coal tar contaminants, specifically P AHs, in streams or rivers. Many 
studies that address PAHs focus on their chemical behavior (sorption, dissolution) and 
transport in the dissolved phase in the environment (Bayard et al., 2000; Chuang et al., 
2003; Eberhardt and Grathwohl, 2002; Kim and Osako, 2003; Weigand et al., 200 1 ;  
Witter et al., 1998) or on remediation and removal techniques (Mueller et al., 1989). 
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They do not address the potential for flood-induced transport or deposition of PAH 
compounds. However, researchers have recognized that stream bottom sediments 
contaminated with heavy metals could be transported into the adjoining floodplain during 
flood events (Brewer and Taylor, 1997; Heaven et al., 2000; Hudson-Edwards et al., 
1998; Martin, 2000; Martin, 2004; Miller, 1997; Taylor, 1996; Taylor and Kesterton, 
2001; Walling et al., 2001; Zhoa et al., 1999) and it is likely that this can also happen 
with PAH-contaminated sediments. Since coal tar contaminants, especially PAHs, have a 
strong tendency to sorb to suspended sediments or stream-bottom sediments, re­
suspended floodplain sediments could be an important transport mechanism for these 
contaminants. 
The principle hypothesis of this research is that PAH contaminants from 
stream-bottom sediments can be remobilized and re-distributed in floodplains during 
seasonal flood events. 
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2. SITE DESCRIPTION 
2.1. Physiography 
Chattanooga Creek is located near the intersection or point of abutment of the 
Valley and Ridge Physiographic Province to the southeast and the Appalachian Plateau 
Province to the northwest (Luther, 1979). In general the ridges are composed of resistant 
Pennsylvanian age sandstone, shale, and conglomerate layers and the plateau is underlain 
by gently dipping Mississippian age carbonates and shales (Luther, 1979). Chattanooga 
Creek begins in the Lookout Mountains of Georgia and flows northward into the 
Tennessee River just downstream of downtown Chattanooga. Chattanooga Creek drains 
an approximate area of 120 Km2, of which only twenty percent is in the state of 
Tennessee (Wilson, 1979). The watershed is classified as mostly industrial and urban 
with some wooded floodplains (Wilson, 1979). Throughout the drainage area, the 
underlying bedrock is overlain mainly by unconsolidated clay residuum, derived from 
weathering of the underlying sedimentary bedrock, and by alluvial and floodplain 
deposits near the creek (Wilson, 1979). 
2.2. Soils 
Soils developed on the clay residuum and the primarily fine-grained alluvial 
and floodplain deposits near Chattanooga Creek belong to the Tupelo Series (USDA, 
1982). This soil series is classified as a silty loam or silty clayey loam, with poor 
drainage and level or gentle slopes (See details in Appendix A). Slopes range from O to 3 
percent on the stream terraces, the foot slopes of ridges, and in the depressions on the 
uplands (USDA, 1982). These soils, within the area of investigation, grade into the 
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Newark Series downstream of the coke plant (USDA, 1982). The Newark series is also 
classified as poorly drained but has formed in mixed alluvium on the floodplains. The 
slopes range from 0 to 3 percent and are described as a silt loam (USDA, 1982). 
2.3. Meteorology 
Climate in the vicinity of Chattanooga is characterized as temperate but humid 
(Luther, 1979). The average annual temperature is 15.8° C (Wilson, 1979). The average 
annual precipitation is 138 cm with an average 122 wet days out of the 365 days of the 
year (NOAA, 2003). Local creeks (Chickamauga Creek, Lookout Creek, Mountain 
Creek, and Chattanooga Creek) are all subject to periodic flooding (Sitterly and Wilson, 
1979; Wilson, 1979). In the event of heavy, short duration, spring and summer storms, 
the rough mountainous topography promotes a special susceptibility for the creek to 
overflow (U.S. EPA, 1999c). Although long-term flood records are not available for 
Chattanooga Creek, it is expected that deforestation and industrial/urban development 
over the past century have led to faster runoff and more frequent flooding (U.S. EPA, 
1999c). Because Chattanooga Creek is in the Tennessee River basin, which is regulated 
by a series of dams along the river and large tributary dams in the headwaters, backwater 
from severe floods in the Tennessee River often extend many kilometers up the creek. In 
the past, backwaters created by these dams have been a contributing cause of floods both 
along the river and along the lower valley tributaries and streams (Sitterly and Wilson, 
1979). To date, the most severe floods of the Tennessee River have reached a height of 
11.2 m above the Tennessee River base-flow stage in 1973 and 11.0 m in May of 2003 
(NOAA, 2003). 
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2.4. Environmental History 
Industrial development in and around the floodplain of Chattanooga Creek 
thrived in the late l 800's and early 1900's. Industrial activity in the area peaked in the 
1970's but there are still some operating chemical plants and related industries (U.S.EPA, 
1992). As a result, the creek has been subjected to substantial pollution due to waste 
discharges from coke production, organic chemicals, metallurgical and foundry works, 
tannery operations, and wood-treaters (U.S.EPA, 1992). Many industrial plants were 
located along the creek banks and may have contributed to the contamination of the 
creek. At one time, there were as many as 3 7 sites along the length of Chattanooga Creek 
listed on the Comprehensive Environmental Response Compensation and Liability 
Information Systems (CERCLIS) list (U.S.EPA, 1992). 
In the early 90's at the request of EPA, two studies of Chattanooga Creek 
were conducted to evaluate the sediment quality in the Hamilton County portion of the 
watershed (U.S.EPA, 1992). From this report, EPA concluded that the most severe 
impact on Chattanooga Creek was the result of coal tar related compounds produced by 
the Chattanooga Coke Plant (Figure 1), which is also known as the Tennessee Products 
Site (U .S.EPA, 1992). During this investigation, four deposits of coal-tar related solids 
within the floodplain (1.8-2.4 m high) were identified 366 - 457 m downstream of the 
Hamill Road Bridge (U .S.EP A, 1992). These findings led to further investigations of 
groundwater, surface water and air quality. The total concentration of the 16 US EPA 
listed priority PAH compounds from creek-bottom sediments from North Hamill Road to 
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Figure 1. Chattanooga Creek Sampling Core Locations. 
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Dobbs Branch ranged from 1 to 20,000 ppm (U.S. EPA, 1999c). PAH concentrations 
were also measured in groundwater samples. Naphthalene concentration ranged from 2 -
6, 1 00 µg/L, while dibenzo[a,h]anthracene was not detected in any of the groundwater 
samples (U.S. EPA, 1 999a). In surface soil samples, naphthalene concentrations ranged 
from 1 50 - 2,600,000 mg/Kg while dibenzo[a,h]anthracene concentrations ranged from 
60 - 76,000 mg/Kg (U.S. EPA, 1 999a). The dumping of coal-tar directly into or 
indirectly along the creek bank was defined as the most significant contributor to the 
contamination of Chattanooga Creek from Hamill Road northward to Dobbs Branch (See 
Figure 1 )  (U.S.EPA, 1 992). 
Consequently, portions of the Chattanooga Creek floodplain including the 
Tennessee Products Site were placed on the National Priorities List (NPL) in September 
of 1995 (U.S. EPA, 1999a). Due to the present, imminent and substantial threats to the 
public health, concerning contact with the coal tar deposits, a health advisory was issued 
by the Agency for Toxic Substances and Disease Registry (ASTOR) and a removal 
action project was undertaken (U.S. EPA, 1999a). The removal action included a two 
phase cleanup project. The first phase of the cleanup was completed in November 1 998 
(U.S. EPA, 1999a; U.S. EPA, 2002). During the first phase, 2,0 1 9  m3 of coal tar 
constituents were removed from 2 pits and 2 mounds within the floodplain and 1 9,523 m3 
of coal tar constituents were excavated from a 1 .3 Km stretch of the creek downstream 
from the Hamill Road Bridge (U.S. EPA, 1999a; U.S. EPA, 2002). Most of the material 
was processed and shipped off site for beneficial reuse (U.S. EPA, 1 999a; U.S. EPA, 
2002). The cost of the first phase was $ 1 1 .5 million (U.S. EPA, 1 999a; U.S. EPA, 2002). 
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The second phase of remediation is scheduled for summer of 2005. Phase 2 
will consist of the cleanup and removal of all contaminated sediments from the remaining 
an additional 1 .5 Km length of the creek downstream of the section that was remediated 
in 1 999. 
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3. SPECIFIC HYPOTHESIS AND OBJECTIVES 
The principal hypothesis of this research is that P AH contaminants from the 
creek bottom or the floodplain dump sites were transported and broadly re-distributed in 
the floodplain due to entrainment and deposition of contaminated sediments during 
seasonal flood events (See Figure 2). As a result, the distribution and concentration of 
P AH contaminants will have been strongly influenced by the same processes which 
control sediment deposition, as well as post-depositional processes, such as transport of 
dissolved P AHs in groundwater in the floodplain and possible vertical migration of coal 
tar through fractures or root holes. Specific sub-hypotheses include: 
1) Immiscible coal tar constituents, as well as coal and coke fragments are 
expected to be present in floodplain sediments deposited after 1918, the year that the 
Coke Plant opened. Floodplain sediments deposited after 1987, when the Coke Plant 
closed, are expected to contain much less coal tar or coal solids than materials deposited 
from 1918-1987; 
2) The distribution of coal tar constituents and coke, within the floodplain, 
are expected to be influenced by the sedimentological processes controlling deposition in 
the floodplain. For example, dense immiscible droplets of coal tar and coke fragments 
are expected to have been mainly deposited in high-energy regimes, such as on the banks 
near the main channel or in secondary overflow channels, or in abandoned channels. 
Contamination in low-energy depositional environments, such as backwaters, is expected 
to be associated mainly with fine-grained sediments, to which the PAHs would have 
sorbed. 
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Figure 2. Conceptual Model. Illustrates Deposition of Coal Tar Contaminants m the 
Stream and the Floodplain adapted from (Vulava et al., 2004). 
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The specific objectives of this research include the following: 
1 )  Determine the concentration and distribution of immiscible coal tar and 
coal/coke fragments and their dissolved or sorbed constituents in soil samples from two 
transects across the active floodplain; 
2) Determine if there is any correlation between distribution of coal tar 
related contaminants, coke, distribution, and depositional setting, as determined from 
field investigations; and 
3) Determine if there is evidence of declining contamination in sediments 
deposited after 1987 (closing of the Coke Plant) or of post-depositional migration of 
dissolved coal tar compounds from the 1918-1987 sediments (for example: presence of 
dissolved coal tar compounds in the pre- 1918 sediments). This will include age-dating of 
the floodplain sediments using Cs isotopes, and comparing sediment age to depth of 
contamination. 
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4. METHODS 
4.1 .  Field Investigation 
The field work was carried out in two stages. The first stage was conducted 
July 21-22, 2003 . It included a reconnaissance trip to the floodplain and the collection of 
soil core samples from one site approximately 0.5 Km downstream of where the two 
main drainage channels from the Coke Plant enter Chattanooga Creek (Hamill Road site) 
and second site approximately 1.5 Km downstream (Crabtree Farms site); (See Figures 1 
and 3). Within each site, three locations forming a transect from the creek to the edge of 
the floodplain, were selected for the collection of undisturbed soil cores. Cores were 
collected using an acetate-lined 2.9 cm diameter by 61 cm long stainless steel core 
sampler and an acetate-lined 5 . 1  cm diameter by 30.5 cm long stainless steel split core 
sampler (AMS, Inc. , American Falls, ID.). The larger diameter sampler was typically 
used for the upper 30 - 90 cm of the profile and the smaller diameter sampler was used to 
advance the hole to greater depth. A 4.5 Kg slide hammer was used to drive the sampler 
into the ground. Once the desired depth was reached, the sampler was pulled out. The 
extracted acetate-lined soil core was then labeled and capped on both ends. Between 
samples, the core barrel was decontaminated with acetone by rinsing both the inner and 
outer portion of the core sampler. The remaining contaminated solvent was then stored 
in 19 L buckets, capped, and disposed of as hazardous waste at the University of 
Tennessee, Knoxville. The maximum depth of core sampling at each location ranged 93 
cm to 189 cm below surface. 
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Figure 3 .  Core Sampling Locations from Hamill Road {Transect 1) and Crabtree Farms 
(Transect 2). Depth To Bedrock Unknown. Flood Stage Hypothetical. Not To Scale. 
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During the first stage of investigation, soil samples were also collected in 
hand dug test pits located approximately 1 m away from the core holes at the Crabtree 
Farms Site. These undisturbed samples were collected by driving plastic electrical 
conduit boxes into the vertical sides of the pit with a hammer. The conduit boxes were 
then removed with soil inside, covered with plastic wrap and electrical tape, and then 
labeled. After completion of the field investigation, both the core samples and the 
conduit boxes were brought back to the lab and initially stored in a +4 ° C cooler for three 
days prior to further analysis. 
A second sampling trip was carried out on April 16, 2004. Using the same 
sampling method as the initial reconnaissance trip, the second sampling trip included the 
excavation of additional soil cores from the Crabtree Farms site. These additional cores 
(2A-2 and 2C-2) were taken within 1 m distance of the original boreholes. These 
samples were not used in the current study but have been archived for future analyses. 
4.2. Laboratory Investigations 
Core samples from the field investigations were split in half along the length 
of each core. After initial inspection, the entire length of each core was then subdivided 
into increments of approximately 3 cm length for the 5 .1 cm diameter core, and 10 cm 
length for the 2.9 cm diameter core (See Appendix A for a detailed sampling log). These 
sub-samples were then stored in a -10° C freezer until used for subsequent chemical 
analysis as described below. 
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4.2.1. Petrographic and Morphologic Analysis 
Petrographic analysis was carried out using both visual inspections and 
microscopic analysis. In order to determine the macro-scale lithologic/pedogenic 
characteristics and to identify immiscible phase coal tar, or other anthropogenic materials 
( e.g. slag, coke, or cinder) associated with combustion of coal, a thorough visual 
description of each core was conducted in the laboratory on July 25 and 26, 2003, with 
the assistance of Drs. Driese, McKay, and Vulava. During the visual inspection, 
observations such as wet color, root content, grain size, and friability were noted 
throughout the entire length of the core. 
To get a better understanding of the micromorphological features of these 
soils, thin sections were also prepared and examined with a microscope to both support 
the visual interpretations and . further identify any zones that may contain small 
immiscible coal tar or coke fragments. The conduit boxes which were obtained from the 
hand dug test pits, in the Crabtree Farms location, were used to produce the undisturbed 
thin sections. To prepare the thin sections, the soils in the conduit boxes were air-dried 
and removed from the boxes. The remaining intact soil blocks were then epoxied on all 
sides with Hillquist7 thin-section epoxy (Hillquist7, Gall City, WA) that had been 
warmed on a hot plate. The epoxy was used to fill all the pore spaces. To ensure 
penetration of the epoxy, each soil block was cured on a 60° C hot plate for one hour. 
After the soil samples were completely dry and coated with the epoxy, each sample was 
then cut in rectangles to fit a 5 X 7 cm slide. Nine conduit boxes were obtained from the 
Crabtree Farms locations and from these a total of eight thin sections were prepared. The 
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epoxied rectangular soil blocks were polished and prepared as thin sections with an 
optical thickness of 30 µm by Spectrum Petrographics, Inc. (www.petrography.com). 
This procedure for preparing thin-sections in floodplain subsoils was similar to the 
procedure developed by Dr. Steve Driese for studies carried out on soil core samples 
from the Chattanooga Coke Plant Site and other sites in East Tennessee (Driese et al., 
200 I ;  McKay et al., 2005; Vulava et al., 2004). 
4.2.2. Grain Size Determination 
Grain size distribution at different depths was determined by usmg a 
combination of the hydrometer method and wet/dry sieving (Bartlet, 1997). The 
hydrometer method is based on Stokes' Law, which states that a particle settling rate or 
velocity in a given fluid is a function of particle diameter, its density, and the density and 
viscosity of the fluid. 
Seven soil sub-samples from core 2B, representing different soil horizons, 
were analyzed. From these samples, fifty grams from each horizon was wet sieved, with 
a 53 µm sieve, to remove the sand and gravel fractions. Materials passing the 53 µm 
sieve were then added to a dispersion cup containing 1 L of deionized water and 40 g of 
sodium hexametaphosphate dispersing agent (Humboldt, H-42, Raleigh, NC). This 
mixture was then dispersed in a standard mixer for 5 minutes. Then, the mixture was 
added to a cylinder filled with de-ionized water to the I 000 ml mark, capped, and mixed 
into a uniform suspension. A 152H hydrometer (ASTM D422, Humboldt, Raleigh, NC) 
was slowly lowered into the liquid after 0.5, 1, 2, 10, 60, 90, 120, and 1440 minutes. At 
each of these time increments, both the temperature and hydrometer readings were taken. 
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Grain size in mm was then determined based on the hydrometer readings and Stoke's 
Law. The hydrometer method only determines the size distribution of grains which are 
smaller than the sand size (<53 µm) fraction. To determine the grain size and distribution 
of the gravel and sand size fractions, those grains which were initially separated out 
during the wet sieving process were then oven-dried at 60° C, and passed through 2, 0.85, 
0.425, 0.25, and 0.1 mm sieves. Finally, combining the gravel, sand, silt, and clay 
fractions, the soils were classified using the USDA particle size limit classification 
scheme (Gee and Bauder, 1986). 
4.2.3. Total Organic Matter 
The organic matter content of sixteen soil samples from two core profiles ( IB  
and 2B) were determined by measuring the loss on ignition (LOI) (Nelson and Sommers, 
1996). Fifteen 50 mL aluminum-weighing pans were heated for 2 hrs in a 400° C muffie 
furnace and then weighed. Between 1 and 3 g of air-dried sample was weighed and 
added to an aluminum weighing pan and heated for 24 hrs at 105° C. Each pan was then 
cooled in a dessicator and weighed. Once weighed, each sample was heated in a muffie 
furnace at 400° C for 16 hrs. Then samples were removed from the furnace, cooled in a 
dessicator and weighed again. To determine the total organic matter content the weight 
of the sample at 400° C was subtracted from the weight at 105° C and then the difference 
in weights was divided by the weight at I 05° C. 
4.2.4. Sediment Age Dating 
Starting in the late l 950's, above-ground thermonuclear weapons testing 
released large amounts of radioactive cesium into the atmosphere (Ritchie and McHenry, 
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1990). The cesium was distributed worldwide and is known to have a high affinity to 
fine soils (Ritchie and McHenry, I 990). Because there is no natural source before 1959, 
137 Cs in sediment is used as a dating technique, specifically determining the boundary 
between sediments younger than 1959 (when the first measurable 1 37Cs appeared) and 
sediments older than 1959. This age-dating analysis was initially carried out for 
sediments within the Crabtree Farms transect. Age dates were calculated based on 
measured concentrations of 1 37 Cs in sub-samples from the soil cores. The analytical 
procedure was carried out by Dr. Lee Cooper (Department of Ecology & Evolutionary 
Biology, UTK) and his staff. Sixteen air-dried soil samples were transferred into 90 cm3 
aluminum canisters and mechanically sealed with aluminum lids. Total radiocesium 
inventories were determined by using low background, high resolution, lithium-drifted 
germanium or high purity germanium (HPGe) detectors (VG SIRA Series II Dual Inlet 
Stable Isotope Mass Spectrometer). The detectors were equipped with a Canberra Genie 
personal computer system. Gamma emitters and spectra were recorded in 4096 channels 
as total inventory in Bq/cm2• The area of the core, from which each soil sample was 
taken, and the volume of the sediment sample were included in all calculations. 
Calibration of the detectors along with standards, background corrections, and control 
samples were used to verify detector performance. Additional samples from cores from 
the Hamill Road site were submitted to Dr. Cooper's 1 37Cs lab in April, 2005, but are not 
part of this thesis. 
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4.2.5. X-Ray Fluorescence Spectroscopy (XRF) 
Sixty samples from both transects were analyzed for bulk elemental 
composition using X-Ray Fluorescence Spectroscopy (XRF). These samples were oven 
dried at 60° C and then individually placed into a standard shatterbox and ground into 
powder form. Twenty-millimeter diameter pellets were formed using a hydraulic press 
and pellet mould (Carver Laboratory Express, model # 3975, Walbash, IN). The pellets 
consisted of approximately 7 g of the dried sediment material and 5 g of crystalline boric 
acid (Fisher, A 73-500, Fair Lawn, NJ). The crystalline boric acid was used to form the 
bottom cap for the sediment. Each pellet was then labeled and loaded into a tube-excited 
wavelength-dispersive X-Ray Fluorescence Analyzer (Phillips Analytical X-Ray Magix 
Pro). Elemental composition of the samples were measured for the following elements: 
Al, As, Ba, Ca, Co, Cr, Cu, Fe, Hf, K, Na, Nb, Ni, P, Pb, Rb, S, Si, Sr, Ti, V, W, Y, Zn, 
and Zr. 
4.2.6. Polycyclic Aromatic Hydrocarbon (P AH) Analysis 
Ninety-three soil total samples from both transects were analyzed for the 1 6  
PAHs on the EPA priority pollutant list (Table 1 ), (Mackay et al., 1992; U.S. EPA, 2004) 
to determine the P AH concentration profile with depth. Samples were removed from the 
- 1 0° C freezer for thawing one day prior to analysis. The P AH analysis can be 
subdivided into two parts: I )  P AH extraction from the soil and 2) analysis with a gas 
chromatograph/mass spectrometer GC/MS. PAH extractions were performed using a 
standard Soxhlet Extraction method (Soxtec System HT6, Tecator, Hoganas, Sweden). 
The method for extraction and concentration followed the procedure outlined in U.S. 
20 
Table 1 :  1 6  Priority PAHs and their Chemical and Environmental Properties 
. •  
- ;.,,. /• 
J '.l�g�i>:: ! Name '.MW1 l ; 
. ... · 1 
·, . • "  Sol · ,  · . VP ·-·•-·· . .  ,. , . . .  ow 
g/m3 at Pa at 
g/mol 25° C 25° C 
!Naphthalene 1 28 32.2 1 1 . 1  lE+Ol 3 .34 
Acenaphthylene 1 52 3 .67 9.64E-01 3 .96 
IAcenaphthene 1 54 4.22 3 .0 lE-0 1 4.04 
fluorene 1 66 1 .86 9.73E-02 4. 1 8  
IPhenanthrene 1 78 1 .29 2. 1 8E-02 4.46 
�thracene 1 78 0.075 1 .6 1 E-03 4.45 
Fluoranthene 202 0.26 8.74E-04 5.22 
[Pyrene 202 0. 1 35 5 .86E-04 5 . 1 8  
Benzo[a] 
anthracene3 228 0.0 1 52 2 . 14E-05 5 .61 
thrysene3 228 0.0023 6.73E-07 5.9 1 
Benzo[b] 
fluoranthene3 252 0.00 1 5  2 .95E-05 6.29 
Benzo[k] 
fluoranthene3 252 0.00077 6.46E-08 6.59 
Benzo[ a )pyrene3 252 0.004 6.00E-07 6.04 
Indeno [ 1 ,2,3-c,d] 
pyrene3 276 1 .00E-1 0  6.58 
[Dibenz[ a,h] 
anthracene3 278 0.0006 1 .3 lE-08 6.62 
Benzo[g,h,i] 
I 
perylene 3 276 0.00026 1 .37E-08 7.06 
1 Mackay et al., 1 992. 
2 Preliminary Remediation Goal (EPA, 2004). 
3 Suspected carcinogen (EPA, 2004) 
2 1  
JJ - , . _!-.':'?,\ii' '�'. 
Soil Water 
mg/Kg µg/L 
3 . 1 1 5 .6E+O l 6.2E+OO 
3 .63 
3.68 3 .7E+03 3 .7E+02 
4.35 2 .7E+03 2.4E+02 
4.41 
4.39 2 .2E+04 1 .8E+03 
5.04 2.3E+03 1 .5E+03 
4.90 2 .3E+03 1 .8E+02 
5.33 6.2E-O l 9 .2E-02 
5. 14  6.2E+Ol 9.2E+OO 
5.72 6.2E-01 9.2E-02 
5 .73 6.2E+OO 9.2E-O l 
6.24 6.2E-02 9.2E-03 
6.2E-0 1 9.2E-02 
6. 1 1  6.2E-02 9.2E-03 
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EPA method 3540C (U.S. EPA, 2003) and is summarized as follows. Ten grams of soil 
were thoroughly mixed with anhydrous sodium sulfate ( 5 g) to remove any moisture. 
The samples were then packed into 26 X 60 mm single thickness cellulose extraction 
thimbles (Whatman No: 2800-266, Fisher, Suwannee, GA) and spiked with 40 µL 
surrogate standard mixture spiking solution (Ultra Scientific Cat# ISM-280N, New 
Haven, CT) which was added to each sample. The samples were covered with glass wool 
and inserted into a 100 mL Soxhlet Extractor. The extraction was performed for two 
hours per cycle, with a 35 mL solvent mixture of methylene chloride-acetone (1:1, v/v, 
CH2Ch/CH3COCH3 ; Ultima Grade, Fisher Scientific, Suwannee, GA). Empty thimbles 
(Soxhlet blanks), which were spiked with surrogate standards, were also extracted prior 
to each soil sample extraction to measure background P AH values. The extraction 
process typically produced approximately 3-5 mL of solvent containing the extracted 
chemicals from the soil. Using a CH2Cl2 solvent wash, this extract was transferred into 
a 5 mL amber vial with a Teflon-lined cap. The final extract was completely evaporated 
under a gentle stream of N2 at 30° C by an evaporator (N-EVAP 111, Organization 
Associates, Inc., Berlin, MA). After N2 evaporation of the extract, 2 mL of CH2Cl2 was 
added to each vial such that all final P AH concentrations were calculated in a sample 
extract volume of 2 mL. These extracts were stored in a -20° C freezer until the GC 
analysis. 
The PAHs (Table 1) from the final extracts were analyzed using a Gas 
Chromatograph (HP 6890, Palo Alto, CA) coupled with a Mass Spectrometer detector 
(HP 5793, Palo Alto, CA) and auto sampler as outlined in U.S. EPA method 8270D 
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(U.S. EPA, 2003) and described below. A DB-5MS column (30 m X 0.25 mm, J & W 
Scientific, Folsm, CA) was used to separate PAHs in the GC. The carrier gas used was 
helium. Before each run the column was pre-baked at I 00° C for one hour. 
All samples, standards and blanks were prepared in I mL amber GC vials with 
150 µL glass inserts and sealed with teflon-lined septa. Precisely I 00 µL of sample 
extracts, surrogate standard blanks (ISM-280N, Ultra Scientific, North Kingston, RI.), 
soxhlet blank (CH2Ch with 40 µL of surrogate standard), PAH standards (DRH-TX-003-
FCS, Ultra Scientific, North Kingston, RI), or GC blank (100 µL of CH2Ch) were added 
to separate vials followed by 2.5 µL of internal standard (US- I 08N, Ultra Scientific, 
North Kingston, RI) and tightly sealed. These vials were then loaded onto the auto 
sampler the same day they were prepared. The PAH elution program includes: initial 
temperature at 40° C for 4 min followed by a temperature ramp of I 0° C per min to a final 
temperature of at 270° C and held at 270° C until last PAH compound 
(benzo(g,h,i)perylene) has eluted for a total elution time of 27 minutes. This analysis was 
carried out using the total ion chromatography mode. Data was gathered by the 
G 170 I D  A MS ChemStation software package. The P AH concentration of individual 
compound were estimated from their areas under chromatographic peaks using internal 
standard peaks as instrument reference (See Appendix F). 
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5. RESULTS 
The results outlined below are separated into seven categories: Field Site 
Conditions, Soil Morphology, Grain Size Distribution, Total Organic Matter, Sediment 
Age Dating, X-Ray Fluorescence Spectroscopy (XRF), and PAH Values. 
5.1. Field Site Conditions 
The first transect location (See Figure 3) was near the portion of the creek that 
has undergone remediation (Phase I Cleanup, 1997-1998) (U.S. EPA, 1999c; U.S. EPA, 
2002). Core-hole IA-I  was approximately 10 m away from the creek and 20 m away 
from an access road at the edge of a wooded area which did not appear to have been 
disturbed during creek remediation. However, it was very difficult to drive the core 
sampler at this location (refusal 30.5 cm), suggesting the possibility of some soil 
compaction at this location. As a result, a second core sample, IA-2, was collected about 
I m away and was driven to a depth of 122 cm. Core-hole I B  located 48 m from the 
creek is located in willow thicket near one of the former "tar-piles", which were 
excavated by EPA in 1997. Although there was no visible evidence of the former tar 
pile, tar was encountered in the core at a depth below 74.8 cm. Core-hole IC  was located 
145 m from the creek at the edge of the floodplain in an apparently undisturbed forested 
area. 
During our field investigation, there was mud on the trees as high as 2 m 
above the present elevation of the floodplain at the Hamill Rd location. These marks 
were mostly like left behind as a result of a major flood which occurred in May 2003, two 
months prior to our investigation. The ground was firm but not hard. This transect 
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crossed a depression that appeared to be a former stream channel. The depression likely 
corresponds to the former channel shown on topographic maps prior to 1970, when the 
stream was re-channeled. 
The Crabtree Farms location was forested and appeared to not have been 
disturbed during the 1 997-98 creek cleanup operations. Core 2A was approximately 8 m 
from the creek. Core 2B was approximately 58 m from the creek. Core 2C was 129 m 
from the creek. During our field investigation flooding marks (mud) were also present on 
the trees as high as 2 m above the floodplain. There were also freshly deposited 
sediments on top of the leaves, logs, and vegetation. In addition there was little 
vegetative ground cover but lots of debris at the site, which are all indicative of an area 
which is subjected to intermittent flooding and rapid deposition. 
5.2. Soil Morphology 
5 .2. 1 .  Visual Inspection of Core Samples 
Within the two transects, three cores were collected (See Figure 3). These 
cores were split in half and visually inspected for soil morphological features (See 
detailed descriptions in Appendix A). Soil horizons at both Hamill Road and Crabtree 
Farms are weakly developed, which is indicative of rapid sediment deposition. Within 
the Hamill Road location, cores IA-2, IB, and IC  were visually described (See Figures 3 
and 4). The A horizon, or topsoil horizon, appeared enriched in organic material relative 
to underlying horizons and ranged from a thickness of 4.8 cm to 30.5 cm. The color of 
moist soil samples ranged from very dark gray (7 .5YR 3/1) to strong brown (7 .5YR 4/6). 
There were common, very fine, 1 -2 mm sized roots present in all cores in the A horizon. 
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Figure 4. Transect 1 :  Hamill Road Stratigraphic Column. Illustrates Morphological and 
Pedological Features in Boreholes lA, lB, and 1 C. Soil Colors are Shown and Based on 
the Munsell Color Chart. 
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Below the A horizon, was a sub-horizon defined as a B horizon. Structure, color, and 
texture were used to sub-divide the B horizon. Within the B horizon, there were little to 
no roots and colors ranging from very dark brown (7 .5YR 3/1) to strong brown (7 .5YR 
4/6). The thickness of the B horizon ranged from a thickness of 56 cm to 69 cm. Small 
black fragments were also present intermittently throughout the B horizon in all cores, 
with the exception of core lA-2, and were initially identified as hardened coal tar or 
iron/manganese nodules. The sediments in these zones often had a faint, but distinct tar 
odor. However, Core lB was very different from lA-2 and 1 C. In core lB, a zone of 
tar-saturated sediment was encountered at a depth of 84 cm. Core recovery in this zone 
was very poor and tar was seen dripping out of the core liner. The coal tar present in this 
profile was likely residue from a previous coal tar pile, which was discovered in this area 
by EPA and removed in 1998. 
Just below the B sub-horizon was a third horizon that was only present in core 
1 C. This horizon was defined as a Cg horizon. The Cg horizon colors transitioned from 
yellowish brown (7.5YR 4/6) to olive brown (2.5YR 4/4). This horizon had light bright 
colors, which indicate a redoximorphic environment as the result of fluctuating water 
content. 
The second transect was at the Crabtree Farms location. Within the 
Crabtree Farms location (See Figures 3 and 5), the A horizon or topsoil ranged in 
thickness from 13 cm to 3 1  cm. This horizon was classified as a clayey silt loam. The 
moist color ranged from a very dark gray (7 .5YR 3/1) to very dark grayish brown ( 1 OYR 
3/2). The A horizon also appeared richer in organic matter than underlying horizon and 
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included common, 1-2 mm diameter roots, with a few larger diameter tree roots, bio­
spores and casts (roots, wormholes, etc). The sub-horizon, or B horizon, just below the A 
horizon was dark in color and ranged from 7 .5YR to 1 OYR. The B horizon ranged from 
a thickness of 22 to 127 cm. It had very few to no roots present. 
Just below sub-horizon B was a second sub-horizon, the Cg horizon. This 
horizon was present in profiles 2B and 2C. The Cg horizon had bright light colors or light 
gray gley (7 .5YR 7 /1) colors. The bright light colors suggest an increase in leaching or a 
depletion of F e3+. There were no roots present in this horizon, with the exception of core 
2B which had roots present between depths 86 - 146 cm. Iron and manganese nodules 
were also present throughout the length of each profile in Crabtree Farms, but the amount 
and size increased with depth in the Cg horizon. The presence of Fe and Mg indicates an 
increase in oxygen exchange or transition into a better-aerated zone. Although better­
aerated, the light colors suggest that leaching is also occurring due to a fluctuating water 
table. These sub-soils are seasonally water-logged and are frequently or constantly 
saturated. 
5 .2 .2. Soil Micromorphology 
Eight thin-sections, from two depth profiles, 2B and 2C (See Figure 3) at the 
Crabtree Farms transect were examined. These thin section slides were examined under a 
microscope using yellow-green ultra-violet lights (NB), plane-polarized light (PPL), blue 
ultra-violet light (NU), and cross-polarized light (XPL) (See Appendix A). 
All thin-section slides are from the A horizon with the exception of thin­
sections 2C at 12-15.5 cm and 2C 16-19.5 cm depth, which are from the Bi horizon. The 
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A horizon, in both profiles, has a fine grained clayey silt matrix (See Figures 6A-6D). 
There are common detrital quartz and feldspar grains present throughout the horizon. 
Several, 2 mm sized roots, biospores, root pores, and fractures were present (See Figures 
6B and 6C). 
Common 1-2 mm sized Fe concretions and glaebles were present (See Figures 
6A and 6D). The dark colors suggest that this horizon is relatively rich in organic matter. 
In addition, re-sedimented soil aggregates were also present in the "host" soil matrix (See 
Figure 6D). 
Very few small fragments (0.5-0. 1 mm) of coal, charcoal or slag (solid residue 
from coal combustion) were present in the A horizon (See Figure 7 A-7C). These 
comprise much less than 1 % of the soil and could have originated from the coke plant or 
from other industrial facilities in the watershed. 
Presence of organic compounds in the matrix or pores can lead to bright 
fluorescence when thin section slides are exposed to ultra-violet light. Examination of 
the slides under blue ultra-violet light (See Figures 8A-8B) indicates more than 50% of 
the thin section materials emit bright fluorescence. Further investigations are needed to 
determine whether this fluorescence is due to coal tar compounds or natural organic 
matter. The dark particles are most likely the charcoal bits seen under plane polarized 
light. 
5.3. Grain Size Distribution 
Grain size distribution was measured using samples of each main soil horizon 
identified in core 2B. The soils within the A and B horizon were typically less than 15% 
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Figure 6. Four Crabtree Farms Thin Section Micrographs. Micrographs are under Plain 
Polarized Light and Represent General Characteristics. A) A horizon; sample 2B 0-3 .5; 
B) A horizon; sample 2B 8-1 1 .5 ;  C) A horizon, sample 2C 0-3 .5; D) A horizon, sample 
2C 8- 1 1 .5 
3 1  
Figure 7. Three Crabtree Farms Thin Section Micro graphs. Micro graphs are under Plain Polarized Light and Represent General Characteristics. A) A horizon- 2B 4 -7.5 cm; B) A horizon-2B 8 .5  - 11.5cm; C) A horizon- 2C 4-7.5 cm 
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Figure 8. Two Crabtree Farms Thin Section Micrographs. Micrographs are under Plain Polarized Light and Represent General Characteristics. A) A horizon (0- 14) 2C 12-15.5 cm; B) B 1 horizon- 16-19.5 cm. 
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in clay content, 50% or greater in silt, and 35% or less in sand content (See Figure 9). In 
the Cg horizon the soils range from 50% to less than 10% silt content. Using the USDA 
classification scheme (Gee and Bauder, 1986), these samples were generally well-sorted 
fine-grained silt loams, with the exception of horizon Cg 1 . Horizon Cg1 was classified as 
a sandy loam. 
5.4. Total Organic Matter 
Two cores, one from each site, were measured for organic matter content (See 
Figure 10). From transect 1 (Hamill Road) core 1 C was examined for organic matter. 
The highest concentration of 7 .5% was present in horizon B22. The lowest concentration 
of 1 % was present in horizon Cg2. In transect 2 (Crabtree F�s) core 2B was examined 
for organic matter. The highest concentration was 4.6% in the A horizon and the lowest 
was 1. 7% in horizon Cg4. Total organic matter generally decreases with depth with the 
exception of the B22 horizon in core 1 C. 
5.5. Sediment Age Dating 
Profiles of 1 37 Cs for samples collected in core-holes 2A, 2B, and 2C at 
Crabtree Farms are shown on Figure 1 1 .  Core 2A (Figures 3 and 1 1  ), which is closest to 
the creek has the highest maximum concentration of 1 37Cs with a value of 23.5 Bq/cm2 
and the deepest occurrence of measurable 1 37Cs, which persists to at least 70 cm depth. 
Core 2B and 2C (See Figures 3 & 11 ), which are farther from the creek, have lower peak 
1 37Cs concentrations of 11 and 7. 12 Bq/cm2, respectively, and persist to approximately 45 
and 40 cm depth, respectively. 
To determine depositional rates, the maximum depth of measurable 1 37 Cs 
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Figure 11: Cesium-137 Profiles for the Crabtree Farms Transect. First significant 
occurrence of 1 37 Cs in atmospheric fallout was approximately 1959, so all samples with 
measurable 1 37Cs are assumed to have been deposited after 1959. 
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in each core-hole was divided by the estimated time of deposition, or the number of years 
between first major occurrence of 1 37 Cs in atmospheric fallout in 1959 and the sampling 
date (2003). The depositional rates for core 2A, 2B, and 2C are calculated as 2 cm/yr, 0.9 
cm/yr and 0.8 cm/yr, respectively. The actual maximum depth of 1 37 Cs would be below 
the measured value, so these depositional rates are conservative estimates. The data 
indicates that depositional rates are very fast and decrease with increasing distance from 
the creek. 
5.6. X-Ray Fluorescence Spectroscopy 
To support our conceptual model of a young rapidly developing alluvial 
floodplain, XRF was used to establish any chemical trends that may be developing along 
with deposition. Normally soils or paleosols have decades to chemically exchange and 
weather. However, in a floodplain environment where deposition rates rapid, the 
chemical profiles may show much weaker trends than in mature soils. During the visual 
inspection, topsoil horizons and subsequent sub soil horizons were established. XRF was 
used to determine whether these sub-horizons were developed as a result of soil 
pedogenesis or simply due to alluvial deposition. To accomplish this goal, the molecular 
ratio approach (Retallack, 2001) was used to both characterize and interpret the chemical 
weathering processes that have occurred over time. 
There are four main kinds of soil-forming chemical reactions: hydrolysis, 
salinization, oxidation, and hydration (Retallack, 2001 ). The molecular ratios of the eight 
common major elements that make up soils are used to recognize these soil-forming 
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chemical reactions (Retallack, 2001 ). These calculations were made and interpreted for 
all cores within each transect, and are described below. 
All the Hamill Road location, there are a few trends (See Figure 12). The 
hydrolysis chart (specifically the aluminum/bases) illustrates a change in clay content 
between the 20 cm and 60 cm depth (12A and 12B). This increase extended to the end of 
the core. Although the change is more pronounced in core 1 C, which is further away 
from the creek, this weak trend is apparent in all cores within this transect. The 
hydrolysis plots also indicate represent a thick clayey sub-horizon. As the clay content 
increases, the drainage decreases. This drainage decrease is represented as a hydration 
increase within the silicon versus sesquioxide plot (See Figure 12D). Likewise an 
increase in hydration and a decrease in drainage create an environment suitable to 
carbonate leaching. This carbonate leaching is represented in the hydrolysis plot. 
In the Crabtree Farms location, there is also an increase in clay content, 
which increases between the depth of -40 and -160cm (See Figure 13A-13D). Between 
these depths, there is an indication of poor drainage, increase in waterlogged soils, and an 
increase in carbonate leaching. 
The data above is consistent with a floodplain with rapid deposition and 
relatively little weathering. Because these soils are immature and have been modified by 
frequent additions of new alluvial material, strong chemical trends have yet to develop in 
a way that would definitively differentiate between alluviation and pedogenisis. The 
trends that have been recorded are mostly likely a result of a fluctuating water table, 
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which is periodically chemically exchanging with the soils. Therefore, the lack of strong 
chemical trends supports our idea a young alluvial depositional environment. 
5. 7. Polycyclic Aromatic Hydrocarbon (P AH) Values 
PAH concentrations, specifically the 1 6  priority listed P AHs (See Table 1 ), 
were measured in core samples from both transects, at Hamill Road and Crabtree Farms. 
All of the 1 6  priority listed P AHs were present in at least one sample from each core (See 
Tables 2-7). 
In the Hamill Road transect, the samples which contained the highest P AH 
concentrations were at depths of 1 .5 cm for core IA-2, 68 cm for core IB, and 1 1 .5 cm 
for core IC (See Table 2). Cores lA-2 and IC, had the highest concentrations of all 16 
priority PAHs in the uppermost soil horizon. Unlike Core IA-2 and Core IC, Core IB 
had the highest concentration of all 16 priority PAHs in the B4 1 horizon at a depth of 68 
cm. Core IB  was unique in that it was the only core where coal tar ins the semi- solid 
phase was encountered (See Figure 4). In this core, the entire core from a depth of 84 cm 
to the end of the core at 90 cm was a semi-solid "blob" of coal tar (See Figure 4). This 
core sample was collected within about 50 m of the estimated location of one of the 
former tar piles which were removed by EPA in 1 998. The tar encountered in core lB is 
most likely from this pile or from other dumping on the floodplain. 
Within the Hamill Road transect the concentration of naphthalene, the 
most soluble and volatile PAH compound measured, ranged from 2.50 x 104 - 1 . 19 
mg/Kg with two samples having no detectable concentrations (See Table 2). For 
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Table 2. Transect 1 :  Hamill Rd 2-3 Ring P AH Concentrations (mg/Kg) 
Ring # 2 2 2 2 3 3 3 
Core lA 
-1 .S 4.86E-01 4 .4SE-01 S .0SE-02 4.29E-02 2. l lE-01 2.34E·0l ' 1 .43B+o0 
-8.0 7. 14E-03 l .92E-01 3.30E-02 l .25E-02 7.30E-02 8.76E-02 5.08E-01 - 1 1 .5 9.60E-02 2.06E-01 3.44E-02 l .34E-02 8.22E-02 9.40E-02 6.6 1E-01 - 1 8.0 2.57E-02 l .68E-01 3.38E-02 1 . 1 6E-02 8.45E-02 7.74E-02 5.70E-01 -2 1 .5 4.65E-02 2.4 1E-01 3 .4 7E-02 1 .  72E-02 l .34E-01 l .30E-01 l .0lE+00 -41 .5 l .05E-03 7.40E-03 l .47E-02 l .05E-03 6.09E-03 3.53E-03 1 .41E-02 
-58.5 2.20E-03 2.97E-03 l .58E-02 l .33E-03 8.55E-03 2.96E-03 2.85E-03 -84.5 5.0lE-03 l .58E-03 l .60E-02 l .56E-03 1 .02E-02 2. 1 7E-03 5.52E-03 -98.0 3.09E-03 l .87E-03 l .63E-02 1 .56E-03 l .23E-02 2.45E-03 7.99E-03 - 1 1 9.0 6.34E-03 l .99E-03 l .69E-02 l .56E-03 l . 1 7E-02 2.7 1E-03 6.38E-03 
Core 1B - 1 7.0 4.28E-02 l .60E+00 3.05E-02 l . 1 3E-01 1 .58E+00 6.23E-02 1 .49E+0l -27.5 3.87E-02 l . 1 3E+00 ND 3.30E-02 7.38E-01 4.37E-01 6.3 lE+00 -4 1 .5 6.7 1E-03 5.06E-01 ND 1 .79E-02 2.96E-01 l .97E-01 2.86E+00 -48.0 4.66E-01 4.5 1E+00 3.08E-01 3.38E-01 5.24E+00 2.6 1E+00 3.56E+0l -5 1 .5 1 .08E+00 l .25E+00 ND 4.36E-02 6.00E-01 4.27E-01 6.68E+00 
-58.5 l .56E-01 l .40E+0l 2.04E-0l ND l .98E+00 3.33E+00 6.50E+0l 
I• -68.0 ,_1 . 19E+OO 4.40E+0l 1 .04E+00 4.33E-6C 6.97E+00 1 .0SE+0l 2.83E+o2 
Core lC - 1 .5  ND 5.60E-02 ND ND ND 1 .S lE-02 3.06E-02 -8.0 7.42E-04 4.07E-01 0.00E+00 3.26E-05 2.1 7E-02 9.86E-02 6.42E-01 - 1 1 .5 3.61E-01 8.61E-01 2.46E-02 1 . 1 8E-04 5 . 1 3E-01 5 .86E-01 2.8SE+oo _,. - 1 8.0 8.93E-04 3.82E-01 ND 3.02E-05 : l .66E-02 9. 1 8E-02 6.0lE-01 -28.2 1 .40E-02 2.48E-02 ND 3 .20E-05 I 8.88E-02 1 .41E-02 l .59E-01 -39.5 2.50E-04 l . 1 8E-02 ND ND 5.09E-03 3.63E-03 7.77E-04 -49.5 ND 1 .98E-03 ND ND 5.14E-03 5.68E-04 7.23E-04 -59.5 2.74E-04 8.48E-04 ND ND 5.1 9E-03 l .75E-04 2.5 1E-04 -69.5 4.03E-04 5.69E-03 ND ND 5.88E-03 2. 1 7E-03 6. 14E-03 -79.5 3.50E-04 9.65E-04 ND ND 4.95E-03 2.67E-04 ND -89.5 4.20E-04 l .78E-03 ND ND 1 .92E-03 9.04E-04 2.29E-03 
ND = Below detection limit 1Highest Concentration (mg/Kg) 
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Table 3 .  Transect 1 :  Hamill Rd 4 Ring P AH Concentrations (mg/Kg) 
'U 'U 
q, 8 8 u 'S 'S a I I 
� 
:::, 
,g, q, � 
� 8 � � 
� J g � 6 6 CJ � CQ 
Ring # 4 4 4 4 4 
Core lA 
·-1:S l l.2i�OO i2ttl0;8*10; 1��6E+QO 2�03Et00 S.46E-Ol; 
-8.0 4.61E-01 5 .97E-01 7.00E-01 9.77E-01 3 .61E-01 
- 1 1 .5 5 .68E-01 7 .05E-01 8.03E-01 l .24E+00 4. l lE-01 
- 1 8.0 5 . 1 9E-01 3 .07E-01 9.96E-01 6.22E-01 3.38E-01 
-2 1 .5 8 .85E-01 9.53E-01 l . 1 3E+00 l .55E+00 5.08E-01 
-41 .5 l . 1 7E-02 l .53E-02 3.04E-02 2. l 0E-02 7.85E-03 
-58.5 2.56E-03 9.86E-03 l . l 0E-02 7.40E-03 2.34E-03 
-84.5 3 .29E-03 8 .61E-03 4. 1 lE-03 3 .04E-03 9.59E-04 
-98.0 5 .27E-03 9.08E-03 8.62E-03 9.36E-03 2 . 14E-03 
- 1 19.0 4.52E-03 1 .02E-02 7.53E-03 4.48E-03 l . 1 2E-03 
Core 1B 
- 1 7.0 l .25E+0l l .29E+0l 8 . 12E+00 l .30E+0l 3 .96E+00 
-27.5 5 . 1 8E+00 ND ND ND ND 
-41 .5 2.39E+00 2.27E+00 l .54E+00 3 .95E+00 l .3 1E+00 
-48 .0 2.70E+0l 2.44E+0l l . 1 8E+0l ND 3.5 1E+0l 
-5 1 .5 5 .99E+00 5.44E+00 2.97E+00 ND ND 
-58.5 6.72E+0l 5 .62E+0l ND l . 1 7E+02 ND 
,� -68.0 3 .05E+02 2.09E+o2 8.45E+0l 2;65E+02 8.47E+0l 
Core lC 
- 1 .5 4.02E-02 2 .22E-01 l .72E-01 4.72E-01 l .72E-01 
-8.0 6.55E-01 l .55E+00 l .25E+00 3 .28E+00 l .09E+00 
,_ ,_:_ll.5 , ;..2.3.3E+09 2�90E�0 2.33E+O0 8,.alE1T00 1 . 12Et00 
-1 8.0 5 .71E-01 l .30E+00 l .06E+00 2.66E+00 8.86E-01 
-28.2 l .30E-01 l . 1 9E-01 2. 1 8E-01 2.34E-01 6.2 1E-02 
-39.5 1 .40E-03 4.72E-02 1 .89E-02 8.38E-02 3.52E-02 
-49.5 9.25E-04 3 .60E-02 ND l .29E-02 5.82E-03 
-59.5 4.38E-04 2.88E-02 ND 5.93E-03 2.73E-03 
-69.5 5 .47E-03 5 .36E-02 ND 3.68E-02 l .54E-02 
-79.5 1 . 86E-04 2 .29E-02 ND 2.00E-03 8.95E-04 
-89.5 5 .52E-03 1 .6 1E-02 ND l .04E-02 3 . l 0E-03 
ND =  Below detection limit [Highest Concentratio, 
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Table 4. Transect 1 :  Hamill Rd 5-6 Ring PAH Concentrations (mg/Kg) 
Ring # 5 5 5 6 6 
Core lA 
-1 .5 9.47E-01 1 .4 1E+00 9.70E-01 7.46E-01 2.3 1 E-01 
-8 .0 4.43E-01 6.56E-01 4. 1 3E-01 9.83E-02 9.52E-02 
- 1 1 .5 5 . l 0E-01 7.47E-01 5. 1 3E-01 3 .66E-01 l .2 1E-01 
- 1 8.0 3 .84E-01 5 .60E-01 4.70E-01 2.88E-01 8.89E-02 
-2 1 .5 6.44E-01 9.79E-01 6.38E-01 5 . 1 8E-01 1 .46E-01 
-41 .5 1 .07E-02 1 .32E-02 9.08E-03 6.48E-03 2.27E-03 
-58.5 2.53E-03 l .07E-03 l .70E-03 l .66E-03 3 .81E-04 
-84.5 l .44E-03 6.50E-04 7 .20E-04 7.72E-04 2.24E-04 
-98 .0 3 .25E-03 1 . 1 9E-03 l .82E-03 l .8 1E-03 3.09E-04 
- 1 1 9.0 1 .77E-03 7 .83E-04 l . 1 7E-03 8.74E-04 2.7 1E-04 
Core 1B 
- 1 7.0 7.06E+00 1 . 1 7E+0l 1 .90E+00 7.96E+00 6.61E+00 
-27.5 ND ND ND ND ND 
-41 .5 2.2 1E+00 3.41E+00 5.85E-01 l .60E-01 2.26E+00 
-48.0 l .52E+0l 2. 77E+0l 3 .90E+00 l .45E+0l 1 .  12E+0l 
-5 1 . 5 4.30E+00 7 .30E+00 l . 1 3E+00 4.64E+00 3 .86E+00 
-58.5 4.52E+0l ND 9.95E+00 3 .89E+0l 2.99E+0l � 
·68.0 l .38E+02 2.67E+02 3., 16E+0l l .26E+02 9.48E+0l 
Core lC 
- 1 .5 2.70E-01 3 .80E-01 6.68E-02 4.85E-01 3.45E-01 
-8.0 l .86E+00 2.64E+00 4.93E-01 3 .3 1E+00 2. 1 8E+00 
' ---: 1 1 .5 3 .46E+00 4.86E+00 9.22E-01 5 .98E+00 3.87E+00 
,-
- 1 8.0 l .5 1 E+00 2. l lE+00 3.93E-01 .  2.62E+00 l .75E+00 
-28.2 l .37E-01 l .20E-01 3.36E-02 1 1 .76E-01 l .33E-01 
-39.5 5. 1 5E-02 6.61E-02 1 .40E-02 l .0 lE-01 6.95E-02 
-49.5 6 .81E-03 7.62E-03 ND ND ND 
-59.5 2.61E-03 1 .43E-03 ND ND ND 
-69.5 2 . 14E-02 2.08E-02 3.49E-04 3 .29E-02 2.54E-02 
-79.5 1 .07E-03 2.85E-04 ND ND ND 
-89.5 5 .64E-03 6.50E-03 1 .5 1 E-04 4.05E-03 5.36E-03 
ND = Below detection hm1t Highest Concentratiot 
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Rio # 2 2 2 2 
Core 2A 
3 3 3 I 
-5 .0 9.03E-01 2.32E+OO 3 .20E-01 3 .5 1E-01:I 2.33E+OO l .91E+OO 9.56E+OO -15 .0 4.82E-01 l .85E+OO 2. 16E-01 l .72E-01 l .44E+OO l .22E+OO 6.63E+OO -24.0 5 .27E-01 2 . l OE+OO 2. 16E-01 l .80E-01 l .56E+OO l . 14E+OO 7.65E+OO -45 .0 4.97E-01 2.50E+OO 2.28E-01 l .98E-01 l .87E+Ol ;.:6.48·:ffirh.QQ 8.02E+OO . ,.6s .�· · 1 �s2E+oo; :l R�:�7fQ ��J r.�;s12e-01 4,3rlB*OO· 5 .21E+oo · 2 .. 09:�ltr,lli� -86.5 l .45E-01 3 .93E-01 l .42E-01 4. 12E-02 4. 71E-01 3 .50E-01 4.02E+OO -106.5 4.60E-03 5 .26E-03 l .28E-01 5 .43E-03 6.48E-02 5 .38E-03 3 .88E-02 -134.0 6.83E-02 9.24E-02 3 .46E-02 2.09E-02 l .73E-01 8.09E-02 4.22E-01 
Core 2B 
· ;s::o ,�:toe�o3 · : l , J la+�P · l ,�9$�02 �J11t-02 -10.0 l .98E-03 5 .62E-01 l .OlE-02 9.82E-03 4. 18E-02 -24.9 2.21E-03 1.40E+OO 2.55E-02 2.77E-02 4.39E-02 3 . 16E-01 2.28E+OO -35 .2 3 .42E-03 4.52E-01 l . 13E-02 8 .40E-03 4. 14E-02 l .82E-01 8 .92E-01 -45 .0 2.29E-03 1.92E-01 ND 4.64E-03 6.70E-02 6.43E-02 6.65E-01 -57.6 1.36E-03 3 .21E-03 ND 7.22E-05 ND 2.22E-03 ND -65 .0 1.36E-03 3 .21E-03 ND 7.22E-05 ND 2.22E-03 ND -75 .6 1.36E-03 3 .21E-03 ND 7.22E-05 ND 2.22E-03 ND -83 .8 l .36E-03 3 .21E-03 ND 7.22E-05 ND 2.22E-03 ND -105.0 ND 3 .41E-03 1.39E-04 ND 7.05E-04 l .63E-03 7.69E-03 -125.0 ND l .61E-03 ND ND 2.37E-04 6.32E-04 4.43E-03 - 145 .0 l . l lE-03 4.98E-03 ND ND 2.68E-03 2.34E-03 l .78E-02 
Core 2C -5.0 4.72E�02 ' 6�79Ei()f ' 2(}5'6,E�02:, .$ASEi02 J.2·oa�or :: 3 �()4ijµOl ;;i·�(f Bto: . .  -27.7 l .99E-03 3 .52E-01 ND 7.57E-03 9.76E-04 6.25E-04 4.76E-01 -38.0 l .98E-04 4.41E-03 ND ND 2.3 1E-03 l .03E-03 ND -48.0 8.75E-04 l .68E-03 ND ND ND ND -58.0 ND ND ND ND 2.35E-04 6.5 lE-05 8 .87E-04 -61.5 3 .90E-04 ND ND ND l .96E-03 ND ND -78.6 5.30E-04 ND ND ND 7.67E-03 ND ND -96.4 2.3 1E-02 l .84E-02 ND l .63E-03 l .64E-02 8 .75E-03 l .O lE-02 -108.8 ND ND ND ND 3.09E-04 ND 2. 17E-04 -118 .5 3 .20E-03 1.07E-03 ND ND 6.94E-03 ND 2.39E-03 - 135 .0 l .69E-03 l .02E-03 ND ND 9.66E-03 ND 2.78E-04 -150.0 l . 17E-03 8.93E-04 ND ND l .OlE-02 ND l .77E-03 
ND= Below detection l imit 1 '.ffllmfuest 'Concentration rog/Kg 
46 
Ring # 4 4 4 4 4 
Core 2A 
-5.0 4.43E+00 7.60E+00 7.96E+00 9.93E+00 4.9 1 E+00 
- 1 5 .0 5 .72E+00 5 .60E+00 5 .34E+00 7.39E+00 4.53E+00 
-24.0 6.52E+00 6.03E+00 6. 1 5E+00 6.97E+00 3 .07E+00 
-45 .0 l . 1 8E+0l l .0 lE+0l l .2 1E+00 l .44E+0l 4.70E+00 
,_ --
-65.5  3 .66E+0 l 3.08E+0l 2.27E+0 l 3 .45E+00 5 .04E+0 l 
,-
-86.5 2.60E+00 l .34E+00 3 .61E+00 3 .50E+00 2. 1 7E+00 
- 1 06.5 3 .58E-02 1 .47E-02 1 .48E-01 5 .00E-02 9.9 1 E-03 
- 1 34.0 2.63E-01 3 . 1 8E-01 4.03E-01 6.45E-01 2. l 0E-01 
Core 2B 
-5.0 2.5SE+00 2 .49E+00 2. 14E+00 5 .85E+00 2.21E+00 
- 1 0.0 5 .54E-01 l .02E+00 8.92E-01 3 .48E+00 l .08E+00 
-24.9 2.09E+00 3 .84E+00 3.08E+00 l .20E+0l l .90E+00 
-35 .2 8 .4 1 E-01 l .80E+00 l .50E+00 3. 14E+00 9.53E-01 
-45 .0 5 .39E-01  6.27E-01 5 .5 1E-01 2.30E+00 ND 
-57.6 ND ND 2.40E-04 9.92E-03 3.32E-03 
-65 .0 ND ND 2.40E-04 9.92E-03 3.32E-03 
-75 .6 ND ND 2.40E-04 9.92E-03 3 .32E-03 
-83 .8  ND ND 2.40E-04 9.92E-03 3.32E-03 
- 105 .0 6.71 E-03 1 .44E-02 1 .3 1 E-02 3 . 1 3E-02 l . 1 9E-02 
- 125 .0 3 .73E-03 l .60E-02 ND 2.54E-02 ND 
- 145 .0 1 .39E-02 2.25E-02 1 .50E-02 2.73E-02 1 .28E-02 
Core 2C 
-5.0 1 .68E+00 1 .37E+00 1 .35E+00 3 .47E+o0 1 . 1 6E+00 
-27.7 4.36E-0 1 5 . 1 2E-01 5 .47E-0 1 1 .88E+00 5.96E-01 
-38.0 4.73E-03 5 .66E-02 ND l .0 lE-02 3 . 14E-03 
-48.0 ND ND ND 1 .27E-02 ND 
-58.0 6.88E-04 8.0lE-04 ND 5 .27E-04 
-6 1 .5 ND ND 4.53E-02 ND ND 
-78 .6 ND ND 4.53E-02 ND ND 
-96.4 5 . 1 5E-02 l .24E-01 ND l .0 lE-01 3.44E-02 
- 1 08.8 2.30E-04 9.95E-03 ND ND ND 
-1 1 8.5 1 .44E-03 4.66E-02 ND ND ND; 
- 1 35 .0 3 .04E-04 4. 14E-02 ND ND ND 
-1 50.0 1 .45E-03 ND 4.28E-02 ND ND 
ND= Below detection l imit Highest Concentration mg_LKg 
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Table 7. Transect 2 :  Crabtree Farms 5-6 Ring PAR Concentrations {mg/Kg) 
Ring # 5 5 5 
Core 2A 
-5.0 7 . 1 6E+OO 9.96E+o0 7.05E+OO 
- 1 5.0 4.63E+OO 7. 1 9E+o0 4.92E+OO 
-24.0 4.99E+OO 6.7 1 E+OO 4.85E+o0 
-45.0 7 .45E+OO l .03E+ol 5 .93E+OO 
- �6s:s 2.57E+ol 4., lTB,+ol 2.29E+o( 
-86.5 1 .99E+OO 3 . 1 8E+OO 1 .5 1 E+OO 
- 106.5 2 . l OE-02 1 .69E-02 1 . l OE-02 
- 134.0 2.55E-01 3 .3 lE-0 1 1 .77E-01 
Core 2B 
.,sm . 3 .82E+o0 4.49Et{)O ·1�49B�Ol 
- 10.0 1 .8 lE+OO 3. l 4E+o0 3 .78E-01 
-24.9 4.76E+OO 6.8 1E+o0 1 .20E+OO 
-35.2 1 .62E+OO 2.85E+OO 3 .45E-01 
-45 .0 8. 1 4E-01 1 .40E+o0 1 .56E-01 
-57.6 5.94E-03 2.04E-02 ND 
-65.0 5.94E-03 2.04E-02 ND 
-75.6 5.94E-03 2.04E-02 ND 
-83.8  5.94E-03 . 2.04E-02 ND 
- 105.0 1 .37E-02 l .32E-02 5 .09E-04 
- 125.0 7.88E-03 6.63E-03 2.53E-04 
- 145.0 1 .38E-02 1 .42E-02 l .92E-03 
Core 2C 
�s�o ":2�30E+o0 2.�JE+oO S.35�-01 
-27.7 9.60E-01 1 .78E+OO 2.2 1E-01 
-38.0 5 .05E-03 6.02E-03 ND 
-48.0 ND ND ND 
-58.0 3 .46E-04 ND ND 
-6 1 .5 ND ND ND 
-78.6 ND ND ND 
-96.4 4.87E-02 7.96E-02 1 . 1 5E-02 
- 108.8 ND ND ND 
-1 1 8.5 ND ND ND 
-1 35.0 ND ND ND 
-1 50.0 ND ND ND 
6 6 
5 .09E+OO 1 .28E+OO 
3 .57E+OO 8.3 lE-01 
3 .35E+OO 7.80E-01 
4.5 1E+OO 1 . 1 4E+OO 
L89E+Ol 4.62E+OO 
, . � ·. i • 
. ' ' '  
1 .20E+OO 3 .28E-01 
8 .94E-03 4.27E-03 
1 .35E-01 3.86E-02 
3 .49E+o0 3 .27E+OO 
, . . . . -
1 .78E+o0 1 .66E+OO 
5.33E+o0 4.76E+OO 
1 . 1 6E-01 1 .44E+OO 
7. 1 6E-01 6.68E-0 1 
4.05E-02 3.84E-02 
4.05E-02 3 .84E-02 
4.05E-02 3 .84E-02 
4.05E-02 3 .84E-02 
4.05E-03 1 .07E-02 
4.35E-03 6.24E-03 
9.58E-03 5.37E-03 
4.70E+o0 2. 1 6E+o0 . . 
2.23E+o0 9.75E-01 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
1 .0 lE-01 4.73E-02 
ND ND 
ND ND 
ND ND 
ND ND 
ND= Below detection l imit l!:lighe$t Concentration mg/Kg 
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naphthalene, concentrations in all Hamill Road samples (See Table I )  are below the 
preliminary remediation goal (PRG) of 56 mg/Kg (U.S. EPA, 2003). For 
dibenz[ a,h ]anthracene, one of least soluble P AH compounds measured, concentrations, 
ranged from 1.51 x I 0-4 - 31.6 mg/Kg with the compound "not detected" in four samples 
(See Table 2). The PRG for this compound is 6.2 x 10-2 mg/Kg and 16 of the 28 samples 
tested exceed this guideline. Benzo[g,h,i]perylene, which is the least soluble of the 16 
priority PAHs, has the highest concentration (94.8 mg/Kg) of any PAH compound at the 
Hamill Road location. Although there is no PRG for this compound, the heavier weight 
molecular compound P AHs, particularly the 4-6 ring compounds tend to be more 
carcinogenic (See Table I ). In this location, concentrations of many of the 4-6 ring 
PAHs (like dibenzo[a,h]anthracene), exceeded the PRGs, whereas the 2-3 ring 
compounds tend to be below their respective PRG. This is largely due to the much 
higher PRGs for 2-3 ring compounds, rather than being due to lower concentrations of 
these compounds relative to the 4-6 ring compounds. 
In core I A-2 and I C  the total concentration for all of the 16 priority PAHs 
(tPAH) tends to be highest in the upper 25 cm of the sediment and decreases with depth. 
The peak tPAH (total 16 priority PAHs) concentration for core I C  is 41.3 mg/Kg at a 
depth of 11.5 cm and the lowest concentration is 6.14 x 10-2 mg/Kg at 89.5cm depth. The 
peak for core l A-2 is 14.7 mg/Kg at depth 1 .5 cm. Concentrations in core 1 B  initially 
decrease with depth, then increase substantially. This is likely due to the presence of 
particles of semi-solid coal tar in the deepest sediments or due to upward diffusion of 
P AHs from the tar layer encountered below a depth of 84 cm. 
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Plots of the sum of ratio concentrations of all 2-3 ring PAHs to the sum of 
concentrations of all 4-6 ring PAHs are shown in Figure 14. These plots show where 2-3 
rings or 4-6 ring PAH compounds are enriched or depleted in the soils. In cores IA-2 
and IB, the log ratios vary from 0. 1 to 1 .  Values in core I C  are consistently at or above 
zero. Values less than zero indicate relative depletion of the lighter 2-3 ring compounds, 
possible due to preferential losses of these compounds due to dissolution, volatilization, 
or biodegradation. These ratio values can also be influenced by the original composition 
of the coal tar. Although there are variations in the ratios at the Hamill Road site, the 
trends differ from core to core and it isn't possible to determine the causes of these 
trends. 
In the Crabtree Farms transect, the highest concentrations for most of the 1 6  
priority P AHs were at depths of 6 5  . 5  cm for core 2A, 5 cm for 2B, and 5 cm for 2C (See 
Table 3). In the case of core 2A, the highest concentrations for two of the compounds 
occurred at 45 cm for anthracene and benzo[b ]fluoranthene (See Table 3). The highest 
concentrations for cores 2B and 2C are in the A horizon, whereas the highest 
concentrations for core 2A are in the B2 and B3 horizon (See Figure 5). 
Concentrations measured in the Crabtree Farms location for naphthalene 
ranged from below detection limit to 1 .52 mg/Kg and all values are below the PRG value 
of 56 mg/Kg (See Table 3). For dibenz[a,h]anthracene, measured concentrations ranged 
from below detection limit to 22.9 mg/Kg and 14  of the 21 values exceeded the PRG 
value of 6.2 x 10-2 mg/Kg. For benzo[g,h,i]perylene measured concentrations ranged 
from no detect to 4.62 mg/Kg. Similar to what was observed at Hamill Road,. 
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Figure 14. P AH Distribution for Hamill Road and Crabtree Farms. Note: Log Concentration O is Equal to 1 ppm. tP AH Represents Total Concentration of 16 Priority PAHs. 
5 1  
concentrations of 4-6 ring P AHs tend to exceed their respective PRGs, whereas 2-3 ring 
compounds tend to be less than their PRGs 
The tP AH concentrations were generally highest in the upper soil horizons 
and generally decreased with depth (See Figure 14). The maximum tPAH concentration 
for core 2A was 304 mg/Kg, for core 2B was 49.8 mg/Kg, and for core 2C was 24.8 
mg/Kg (See Figure 14  ). The thickness of the high concentration tP AH zone at Crabtree 
Farms tends to decrease with distance from the creek. At 2A, thickness of this zone is 
approximately 90 cm, whereas in core 2C thickness is only 30 cm. A similar trend is also 
evident at the Hamill Road (Figure 14), but is not as pronounced and is complicated by 
the occurrence of the tar layer in core IB. 
Plots of the log (ratio) of 2-3 ring compounds to 4-6 ring compounds are also 
shown on Figure 14. These values range between - 1  and 0. As was the case at Hamill 
Road, there are no clear trends in the ratio data. However there is a correlation between 
the high tP AH values in Figure 14 compared to the total organic matter shown in Figure 
1 0. Although, total organic matter has only been measured for two cores ( IC  and 2B), 
the correlation between organic matter and total P AH concentration is most likely due to 
the hydrophobic nature of many of the P AH compounds. To further evaluate this 
correlation, measurements of organic matter from the remaining core samples would be 
required. These measurements are underway but are not included in this thesis. 
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6. DISCUSSION AND IMPLICATIONS 
The age dating analyses indicate that this floodplain environment is young and 
rapidly developing, with sedimentation rates as high as 2 cm/yr over the past 40-50 years. 
The micro-morphologic and petrographic analyses indicate that fresh creek bottom 
sediments are deposited regularly in the floodplain during flood events. The occurrence 
of buried soil horizons and the reappearance of roots in the deeper portions of the cores 
(as deep as 120 cm) confirm that periodic flood events are adding significant amounts of 
fresh sediment to the floodplain. These conditions are consistent with the hypothesis that 
streambed erosion and floodplain deposition is sufficient enough to cause accumulation 
of P AHs in the floodplain. 
The presence of large amounts of tar in the creek bottom, but not in the 
floodplain, indicates that flood related erosion is generally not efficient enough to erode 
and suspend the dense and probably sticky tar rich sediments. However, the widespread 
occurrence of P AH contaminants in the floodplain and their correlation with relatively 
young sediments is almost certainly due to deposition of contaminated sediments. This 
suggests that suspended sediments and fine-grained non-tarry sediments in the creek 
bottom are becoming contaminated with PAHs from the underlying tar due to diffusion 
and sorption. Because fine-grained sediments are easily eroded and suspended, non-tarry 
sediments are likely preferentially entrained and are the dominant sediment type in the 
floodplain. 
A revised conceptual model was developed to provide a more detailed 
description of the contaminant transport processes in this floodplain environment (See 
53 
Figure 15). Fine-grained sediments and suspended sediments which come in contact with 
tarry sediments are contaminated with PAHs by diffusion and sorption (See Figure 15D 
and E). These sediments are then preferentially entrained during flood events (See Figure 
15B) because they have less cohesion then the tarry sediments (See Figure 15G). During 
flood events, these sorbed sediments are deposited in the floodplain (See Figure 15A). 
Although not addressed in this research, there are at least two other possible transport 
mechanisms, airborne deposition (See Figure 15C) and infiltration of contaminated 
groundwater from upland sources (not shown on Figure 15), that may contribute to PAH 
contamination in the floodplain. Airborne deposition is unlikely to produce the high 
P AH concentrations observed in the floodplain, but further studies are needed to verify 
this. Transport of P AHs by groundwater might be significant for higher solubility P AHs, 
but would not explain the occurrence of low solubility P AHs. Furthermore, groundwater 
transport would only be significant in the immediate vicinity of upland sources, such as 
near the coke plant, whereas this study shows that P AH contamination extends several 
Km downstream of the coke plant. This indicates that groundwater transportation is not 
likely a major mechanism at these sites. 
With the exception of core lB, where semi-solid coal tar was present and 
tP AH concentrations were as high as 1,950 mg/Kg, the highest concentrations for the 
tP AHs were found at the Crabtree farms location at a depth 68 cm. This is significant in 
that Crabtree Farms has no record of direct on site dumping of coal tar contaminants. 
This indicates that the contaminants are not only widespread within the floodplain, but 
they have the potential to be transported long distances downstream from the source. 
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A Deposit ion of sediments B Preferential entrainment 
in floooplaln of non-tar sediments 
Flood stage 
Baseflow 
· · -· . ..... 
C Airborne deposltlcn 
of PAH soot 
D PAH d iffusion across E PAH d iffusion into F Tar in�ltr��i:n into 
sediment Interface suspended sediments bottom sediments 
Tar Increases 
particle cohesion 
Figure 1 5 .  Revised Conceptual Model. This model was adapted from Vulava et al. 2004. 
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Therefore, the newly revised conceptual model has a 3-dimensional component. 
The widespread distribution of P AH contaminants is likely to continue and 
occur as long as there is flooding and a persistent source of tar in the creek. The 1998 
and planned 2005 creek remediation has, or will greatly reduce the volume of the coal tar 
source. However, because the creek remediation is unlikely to remove 100% of the tarry 
sediments, it remains to be seen how effective the cleanup will be in reducing the 
concentration of P AHs in sediments deposited by future floods. Widespread distribution 
of P AHs is likely to occur in many other settings that have the same prerequisite 
conditions. Specifically, if the watershed has frequent flooding and significant 
depositional rates; if there is a significant coal tar source in the creek, river, or stream; 
and if the stream sediments have a large capacity to sorb and are easily transported and 
eroded (i.e., fine grained, organic rich sediments); P AHs are likely to have the potential 
to be widely transported and distributed by floods. 
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APPENDICES 
6 1  
APPENDIX A: SOIL MORPHOLOGY 
Field Conditions 
Hamill Road Location Core 1-A-2 
Crabtree Farms Core 2C 
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SUMMARY OF SAMPLES AND TESTING 
1-A-l 
sample ba2s 
depth I lab 
(cm) work 
0-3 
3-6 XRF 
6-10 
· 10-13 
13-16 XRF 
16-20 
20-23 
23-26 XRF 
26-28 
28-30.5 
30.5-33 XRF 
1-A-2 1-B 1-C 
sample ba2s sample ba2s sample bags 
depth 
(cm) 
0-3 
3-6 
6-10 
10-13 
13-16 
16-20 
20-23 
23-26 
33-36 
40-43 
43-46 
53-56 
56-61 
63.5-70 
73-78 
78-83 
83-86 
90-93 
96-100 
100-103 
110-113 
116-121.9 
I lab depth lab depth work (cm) work (cm) 
GC 2-4.5 XRF 0-3 
XRF 12-15 XRF 3-6 
GC 15-19 6-10 
GC 19-22 GC 10-13 
XRF 22-25 XRF 13-16 
GC 25-30 GC 16-20 
GC 33-36 XRF 23-26 
XRF 40-43 GC 26-30.5 
XRF 43-46 XRF 30.5-33 
GC 46-50 GC 33-36 
XRF 50-53 GC 36-43 
XRF 53-57.5 XRF 43-46 
GC 57.5-60 GC 46-53 
XRF 63-66 XRF 53-56 
XRF 66-70 GC 63-66 
XRF 73-76 XRF 66-73 
GC 88-90 XRF 73-76 
XRF 76-83 
GC 83-86 
XRF 86-93 
XRF 
GC 
GC PAH Analysis 
GS Grain Size 
X-Ray 
XRF Spectroscopy 
TS Thin Section 
LOI Loss on Ignition 
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lab 
work 
GC 
·XRF 
GC 
GC 
XRF 
GC 
XRF 
GC 
XRF 
XRF 
GC 
XRF 
GC 
XRF 
XRF . 
GC 
XRF 
GC 
XRF 
GC 
2A 2B 2C 
sample bags. sample bags sample bags 
depth I lab depth I lab lab depth I lab I 
(cm) work (cm) work work (cm) work 
0-10 GC 0-10 GC/XRF TS/LOI 0-3 GC 
10-20 GC 10-20 GC/XRF TS/LOI 0-10 XRF 
20-28 GC 20-27.9 GC GS 10-14 XRF 
28-31.8 XRF 25-30 XRF GS 25.4-30 GC 
31.8-33.8 XRF 30.5-40 GC 33-36 XRF 
40-50 GC 40-50 XRF 43-46 XRF 
50-57 XRF 54.61-60 XRF GS 46-50.8 GC 
61-70 GC 60-70 XRF GS 50.8-56 XRF 
80-92.7 GC I 70-81.3 GC GS 56-60 GC 
102.6-110 GC : 81.3-86.4 XRF 60-63 GC 
110-120 XRF 86.4-100 XRF 63-66 XRF 
128.26-140 GC 1 100-110 GC 73-76 XRF 
1 40-150 XRF 110-120 XRF 76-81.3 GC 
150-158.74 XRF 120-130 GC 92.7-100 GC 
130-140 XRF 100-105 XRF 
140-146.83 XRF 105-107.5 GC 
107.5-110 
110-113 XRF 
113-120 GC 
120-124 
124-130 XRF 
130-135 GC 
135-140 
140-145 XRF 
. 145-150 GC 
I 150-154.9 I 
I 
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Tupelo Soil Series USDA, 1982 
weak fine granular structure 
friable 
common fine roots faint olive 
2.5Y 5/4 
8 to 1 6  silt loam clear-wavy B l  
moderate medium subangular- boundary 
blocky structure 
friable 
1 6  to 26 silty clay gradual-wavy B2 l t  
moderate medium subangular 
blocky boundary 
structure 
firm 
mottles faint yellowish brown 
IOYR 5/6 
light brownish gray 
2.5Y 6/2 
26 to 32 clay pale olive gradual-smooth B22t 
moderate medium angular - 5Y 6/3 boundary 
blocky structure 
firm 
thick continuous clay films light brownish gray 
mottles 2.5Y 6/2 
dark brown 
7.5YR 4/4 
32 to 48 clay light brownish gray gradual-smooth B23t 
moderate medium angular - 2.5Y 6/2 boundary 
blocky structure 
firm 
thick continuous clay films yellowish brown 
mottles I 0YR 5/6 
brown 
7.5YR 5/4 
48 to 60 clay gray Cg 
depth to 
massive N 6  limestone 
very firm ranges 
strong brown 40-70 inches 
7.5YR 5/6 
(official USDA definitions of horizons in Tupelo Series) 
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Soil Morphology: Hamill Road 
Core IA- I  
(very dense, possibly due to mechanical disturbance during remediation 
or consolidation caused by desiccation) 
A-0 to 12 cm; dark brown (7 .5YR 3/4), wet, fine grained silt; granular structure; low 
plasticity, firm; grass on surface, common very fine .5-1 mm roots, 2 mm diameter root at 
depth 10.5 cm; quartz rock at 8cm; several small black iron and manganese nodules; clear 
smooth boundary defined by texture and color. 
B1-12-30.5 cm; strong brown (7.5YR 4/6) wet, fine grained silt; granular structure; low 
plasticity, firm; black thin layer of iron and manganese film <5% manganese, oxidized 
nodules sign of depletion zone, with an increase in sand; end of core due to refusal. 
Core lA-2 
(very dense, possibly due to mechanical disturbance during remediation 
or consolidation caused by desiccation) 
A-0 to 30.5 cm; strong brown (7 .5YR 4/6), wet, fine grained silt; granular structure; low 
plasticity, firm; grass surface, common very fine > .5 mm roots; manganese oxide 
nodules >5% strong brown (7 .5YR 5/6); clear smooth boundary defined by texture and 
color. 
B1-30.5 to 61 cm; reddish yellow (7 .5YR 6/8) wet, silty sand; granular structure, 
medium-low plasticity, firm; no roots; very few 1-3 mm wide manganese concretions; 
end of core due to refusal. 
B3 -61 to 121.92 cm; reddish yellow (7.5YR 6/8) with concretions strong brown 
(7.5YR 4/6) and brown (7.5YR 5/4) wet, silty sand; granular structure, low plasticity, 
firm; no roots; very few 1-3 mm wide manganese concretions; end of core due to refusal 
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Core 1B  
A-0 to 1 5  cm; very dark gray (7.5YR 3/1 ), wet, clayey silt; granular structure; high­
medium plasticity, soft firm; grass on surface, common very fine 1 -2 mm roots; signs of 
very few very small shiny coal particles from .5 -2 mm in size; clear smooth boundary 
defined by texture and color. 
B1-1 5-23.5 cm; very dark gray (7.5YR 3/1 )  wet, silty clay; granular structure; low 
plasticity, firm; chert particles 3 mm in size at depth 23.5cm strong brown (7.5YR 4/6) in 
color; clear wavy boundary defined by texture and color. 
B21-23.4 to 30.5  cm; strong brown (7.5YR 4/6) and very dark gray (7.5YR 4/6) wet, 
silt; granular structure; low plasticity, very firm; no roots; clear wavy boundary defined 
by texture and color. 
B22-30.5 to 46 cm; brown (7.5YR 5/4) wet, silty clay; granular structure; low plasticity, 
firm; no roots; very few small black shiny particles, could be coal tar; clear wavy 
boundary defined by texture and structure. 
B23-46 to 53 cm; strong brown (7 .5YR 4/6) and brown (7 .5YR 4.2) wet, clayey silt; 
subangular blocky structure; high-medium plasticity, soft firm; no roots; very few small 1 
mm sized black particles; clear wavy boundary defined by structure and color. 
B31-53 to 57 .5 cm; strong brown (7 .5YR 4/6) wet, silty clay; granular structure; low 
plasticity, firm; very few very small <1 mm sized roots; number of black manganese 
oxide or coal tar particles decrease; dark yellowish brown ( IOYR 4/6) nodules; boundary 
defined by color and structure. 
B32-57.5 to 74.8 cm; brown (7.5YR 4/4) wet, clayey silt; granular structure; high­
medium plasticity, soft firm; several 1 mm in diameter coal tar lined macropores 
extending the entire section, strong coal tar odor; clear boundary defined by texture. 
B33-74.8 to 84 cm; brown (7.5YR 4/4) wet, silty clay; granular structure; low-no 
plasticity, firm-hard; very dark due to amount of coal tar; boundary defined by the 
amount of coal tar. 
B3:z--84 to 88.5 cm; semi-solid coal tar, with roots embedded; boundary defined by roots. 
B33-88.5 to 90 cm; semi-solid coal tar, without roots; end of core due to poor sample 
recovery. 
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Core I C  
A-0 to 4.8 cm; very dark brown (7.5YR 3/3), wet; very soft; common very fine roots; 
no signs of coal tar but very dark and humic; clear boundary defined by structure and 
texture. 
B1-4.8 to 9 cm; very dark gray (7.5YR 3/1) wet, clayey silt; subangular blocky; high­
medium plasticity, soft firm; common very fine roots; no signs of coal tar but very dark; 
clear boundary defined by structure. 
B21r-9 to 15 cm; strong brown (7 .5YR 5/6) wet, silty clay; subangular blocky structure; 
medium-low plasticity, soft firm; small black (7.5YR 2.5/1) shiny particles made of two 
different color material; clear wavy boundary defined by texture and color. 
B22r-l 5 to 30.5 cm; black (7.5YR 2.5/1) wet, silty clay; subangular blocky structure; 
medium-low plasticity, firm; signs of coal tar; chert nugget 4 mm in size at depth 20cm; 
clear wavy boundary defined by texture and structure. 
B23r-30.5 to 61 cm; brown (7.5YR 4/4) wet, clayey silt; subangular blocky structure; 
medium-low plasticity, soft firm; signs of redox, small black iron and manganese oxide 
nodules; clear wavy boundary defined by texture and color. 
Bw---61 to 73 cm; yellowish brown (7 .5YR 4/6) wet, clayey silt; subangular blocky 
structure; high-medium plasticity, soft firm; more water content, signs of redox, more 
sand content; boundary defined by color and texture. 
B3i-73 to 122 cm; olive brown (2.5YR 4/4) wet, silty clay; granular structure; high­
medium plasticity, soft firm; no roots; evidence of manganese oxide coating the roots; 
end of the core. 
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Soil Morphology: Crabtree Farms 
Core 2A 
A-0 to 3 1 .8 cm; very dark gray (7.5YR 3/ 1) wet, clayey silt loam w/ coal fragments 
(7 .5YR 2.5/1 black); low plasticity, firm; very few very fine roots between depths 0-5cm; 
small transported material 0-2 mm size, possible root cast or bio-spores between depths 
5-20cm; clear wavy boundary defined by texture and color. 
B1-3 l .8-33.8 cm; very dark gray ( IOYR 3/1 )  wet, clayey silt loam; medium to low 
plasticity, friable to firm; fine-medium grained 50% coal fragments sharp textural 
boundary throughout entire increment with sandy layer clearly marking a new horizon. 
Bi--33.8 to 6 1  cm; very dark grayish brown ( I OYR 3/2) wet, silty clay; subangular 
blocky structure; medium-high plasticity, friable; intercepted a live 1 -2 mm diameter tree 
root between depths 40-4 1 cm, more fine-very fine roots; 2-3% throughout entire horizon 
orange redox color (2 .3YR 4/6); clear smooth boundary defined by texture and color. 
B3-6 l to 70 cm; very dark grayish brown ( 1 0YR 3/2) wet, silty clay; subangular blocky 
structure; medium-high plasticity, friable; coal fragments at depth 6 1 .5 cm; clear smooth 
boundary defined by texture and color. 
B4-70 to 102.6 1 cm; dark reddish brown (5YR 2.5/2) wet, silty-clay loam; subangular 
blocky; high plasticity, friable; distinct 2-3 mm tree roots intercepted at depth 74 cm, 1 - 1  
mm tree root at depth 86cm; this could be the old floodplain surface; sharp smooth 
boundary defined by texture and color. 
Bs- 102.6- 128.3 cm; dark grayish brown (I OYR 3/2) wet, silty clay loam; angular 
blocky structure; low plasticity, firm; no visible crystals, well developed lithobeds with 
laminae 1 -2 mm of sand and coal throughout entire section; clear wavy boundary defined 
by color and texture. 
B6- 128.3 to 1 58.7 cm; very dark grayish brown ( I0YR 3/2) wet, salty clay loam; 
subangular blocky, medium-low plasticity, friable; iron an manganese concretions more 
manganese which is causing black color; clayey silt with few large 1 .5 mm particles and 
thin clearly defined coal laminae; end of core. 
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Core 2B 
A-0 to 13 cm; dark gray (7 .5YR 4/1) wet, clayey silt loam; moderate to medium 
subangular blocky; medium to low plasticity, firm; few mm sized particles; common 1-2 
mm diameter roots with a .5 cm diameter tree root, few iron and manganese concretions 
more aerated with perched water; clear smooth boundary defined by texture and color. 
B1-13 to 27.9 cm; dark gray (7.5YR 4/1) wet, clayey silt loam; moderate to medium 
subangular blocky structure; medium to low plasticity, friable to firm; common roots, one 
.5 cm diameter tree root; few shiny dark mineral fragments ( depth 25 cm); diffuse wavy 
boundary defined by structure. 
Bi--27.9 to 30.5 cm; strong brown (7.5YR 4/6) wet, clayey silt, increase in clay; 
subangular blocky structure; high plasticity, friable; common .5-1 mm roots; color 
change in oxidizing redox material gray (5YR 6/1); clear smooth boundary defined by 
texture and color. 
B3-30.5 to 39.5 cm; dark gray (7.5YR 4/1) wet, clayey silt loam; moderate subangular 
blocky; medium to low plasticity, friable to firm; distinct common 1-2 mm sized root; 
distinct common 1-2 mm sized iron and manganese nodules on roots; sharp smooth 
boundary defined by texture and color. 
Cg1- 39.5 to 54.6 cm; yellowish brown ( l0YR 5/4) wet, silty clay gleyed horizon; 
moderate subangular blocky structure; low plasticity, firm; increase in common iron 
manganese nodules with 3 cm concretions; clear wavy boundary defined by color and 
texture. 
Cgi-- 54.6 to 86.4 cm; yellowish brown ( l0YR 5/6) wet, gleyed clay; massive; high 
plasticity, friable; common distinct rounded with 1 mm diameter concretions of dark 
color; few distinguished 1-2 mm manganese concretions (depth 54.6-57.6 cm) dark gray 
(7 .5YR 4/1 ); this core is two toned color switching between 5/6 and 5/4; clear smooth 
boundary. 
CgJ- 86.36 to 110 cm; yellowish brown (l 0YR 5/6) wet, silt clay, wet; subangular 
blocky; high plasticity; friable to firm; distinct 1 mm diameter root; unconsolidated platy 
gleyed light brown grey (2.5YR 6/2); gradual smooth boundary defined by color and 
structure. 
Cg4- 110 to 146.8 cm; yellowish brown (I OYR 5/6) wet, clayey silt; subangular blocky; 
high plasticity, friable to firm; few distinct iron and manganese; 1 mm roots on the lip 
advanced development of concretions this increased with depth; common 5 mm diameter 
iron and manganese nodules; no bedding recorded; end of core 
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Core 2C 
A-0 to 14 cm; very dark grayish brown ( 1 0YR 3/2) wet, clayey silt; weak fine granular 
structure; moderate plasticity, friable to firm; common 1-2 mm diameter roots, 2-3 mm 
tree roots ( depth 11 cm); few 1 mm-sub mm sized nodules of iron-manganese; clear 
smooth boundary defined by texture and color. 
B1-14 to 24 cm; strong brown (7.5YR 4/6) wet, clayey silt; moderate to medium 
subangular blocky structure; high to medium plasticity, friable to firm; fine layer of sand, 
change of color w/black layer dividing the two; common roots extending to the end; clear 
smooth boundary defined by structure and color. 
Bi--24 to 30.5 cm; strong brown (7.5YR 5/8) wet, clayey silt; moderate to medium 
subangular blocky structure; low plasticity, friable to firm; 4 cm clay lens; few faint iron­
manganese; sharp boundary defined by texture. 
B3-30.5 to 32 cm; very dark grayish brown (1 0YR 3/2) wet, silty sand; moderate to 
subangular structure; low plasticity, friable to firm; clear bands of iron; faint shiny specks 
(possibly coal tar); sharp smooth boundary defined by structure and texture. 
B4- 32 to 35 cm; very dark grayish brown (l 0YR 3/2 very dark grayish brown) wet, 
silty clay; subangular blocky structure; high plasticity, friable; sharp smooth boundary 
defined by structure and texture 
Bs- 35 to 36 cm; gray (7.5YR 5/1) wet, silt clay gley band; moderate subangular 
structure; low plasticity; firm; clear gley band; iron and manganese concretions with 
depletion feature; very few, very fine localized root pores; sharp broken boundary 
defined by structure and texture. 
Cg1- 36 to 53.4 cm; strong brown (7.5YR 5/8) wet, silty clay; moderate to medium 
granular structure; low plasticity, firm; increase in few 3 mm iron manganese nodules 
with concretions; clear smooth boundary defined by color and texture. 
Cg2- 53.4 to 65 cm; reddish yellow (7.5YR 6/3) wet, clayey silt; moderate to medium 
granular structure; low plasticity, firm; common 1-3 mm black reddish iron and 
manganese concretions; clear smooth boundary defined by color and texture. 
CgJ- 65 to 92.7 cm; reddish yellow (7.5YR 6/6) wet, silty clay; moderate to medium 
subangular blocky; high to medium plasticity; soft firm; decrease in the number and size 
of iron and manganese nodules; gradual wavy boundary defined by color and structure. 
Cg4- 92. 7-109 cm; light gley gray (7 .5YR 7 /1) wet, clayey silt; moderate to medium 
granular structure; low plasticity; firm; common iron and manganese concretions being 
replaced by gleyed reddish yellow (7 .5YR 6/6); diffuse wavy boundary defined by 
structure. 
Cgs- 109 to 127 cm; light gray gley (7.5YR 7/1) wet, clayey silt; moderate to medium 
granular structure; low plasticity; firm; common iron and manganese concretions being 
replaced by gleyed strong brown (7 .5YR 4/6); sharp boundary defined by texture. 
Cg6- 127 to 135 cm; light gray gley (7 .5YR 7 /1) wet, clayey silt & very fine grained 
sand; moderate to medium granular structure; low plasticity; firm; common iron and 
manganese concretions; diffuse smooth boundary defined by structure. 
Cg,- 135 to 154.7 cm; light gray gley (7.5YR 7/1) wet, clayey silt & very fine grained 
sand; moderate to medium granular structure; low plasticity; firm; end of core 
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Crabtree Farms Thin Section Micrographs 
Core 2B 0-3.5 cm depth, Soil horizon A, silt 
loam depicted Figure 6A 
Core 2B depth 4-7.5 cm depth, Soil horizon 
A, silt loam depicted Figure 7 A 
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Core 2B 8.5-11.5 cm depth, Soil horizon 
A, silt loam depicted Figure 7b 
Core 2C depth 0-3 .5 cm depth, Soil horizon 
A, silt loam depicted Figure 6c 
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Core 2C 4-7 .5 cm depth, Soil horizon 
A, silt loam depicted Figure 7c 
Core 2C depth 8-11.5 cm depth, Soil 
horizon A, silt loam depicted Figure 6d 
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Core 2C 12- 1 5 . 5  cm depth, Soil horizon A, 
silt loam depicted Figure 8a 
Core 2C depth 1 6- 19.5  cm depth, Soil 
horizon A, silt loam depicted Figure 8b 
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APPENDIX B: GRAIN SIZE DISTRIBUTION 
Hydrometer Equations 
There are two calibrations done prior to the hydrometer test, the hydrometer and cylinder 
calibration. Below is the equation used to prepare the hydrometer and cylinder 
calibration (Bardet, 1997). 
h30 = ho +N + h ( 1 )  
The value h30 is the distance between the bulb center and the graduation mark 30. The 
value for ho is the distance between the graduation mark 30 and the lowest mark on the 
neck of the bulb. While, N is the distance between the lowest mark and the neck of the 
bulb. The hydrometer and cylinder calibrations are reported as the distance between the 
graduations marks and the bulb centroid. These distances are linearly related and fitted 
by a linear regression. This plot is shown below. 
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In addition to the hydrometer and bulb calibrations, a meniscus, temperature, and 
dispersing agent correction is made. These corrections are then applied to the hydrometer 
reading to determine a corrected hydrometer reading (R'). The meniscus correction (Cm) 
is determined by measuring the difference between the hydrometer's upper and the lower 
rim meniscus readings. The calculated value is equal to 0.5 g/L for most 1 52H 
hydrometers, and was therefore used in all calculations. The corrected hydrometer 
reading is then determined by the following equation. 
R' = R  + Cm (2) 
The temperature correction factor (m) is determined algebraically with the following 
equation: 
m = 1000 [0.99823 - Pw - 0.000025 (T - 20)] (3) 
The Pw (density ofwater @ 20°C = .998203 g/cm3) constant was taken from Fetter 
(2002). The final temperature correction factor was .05 g/L. 
The dispersing agent correction (Cd) was determined using the following equation: 
(4) 
The concentration of dispersing agent in stock solution is 50 g/L (Xi). The volume of 
stock solution in I L or V d was I 00 mL. The value for Cd is 5 g/L. 
It takes three steps to complete the final computation. The first step is to calculate the 
depth of fall (H). This value is determined by taking the corrected hydrometer reading or 
R' in equation 2, and determining the correspond H with the hydrometer calibration plot. 
These values is then used to determine the corrected depth of fall (HR). The HR values 
are determined with the following equation: 
(5) 
Vb or 60 cm3 is the volume of the hydrometer bulb. Whereas, the cross-sectional area of 
the cylinder (A= (rr/4) d/) is 29.22 cm and <lc2 is the diameter of the cylinder 6. 1 cm2 • 
The final step is to determine the particle diameter D (mm), Stokes' Law is used as 
follows: 
D = 
.J3017HR 
98l{Gs - l)pw! 
(6) 
With the particle size diameter calculate, the percentage p of particles by weight that are 
smaller in diameter than D corresponding to R' is determined as followed: 
78 
p = 0·6226
(R '- CJ + m)� * IOO 
Wo Gs - I  
(7) 
79 
Hydrometer Data 
Crabtree Farms: 2B 0-13cm 
Xd= 50 g/L Vd= l 00 mL Cd= 5 �  Cm= 0.5* Wo= 37.09 g Gs= 2.56 Vb= 60 cm3 de= 6. 1 cm2 A= 29.22 cm2 
Temperature viscosity of Density of 
Correction water water 
(Fig 5, Corrected Reading Depth of Fall Distance of Fall (Appendix 1 4, (Appendix Grain Size 
Elapsed Hydrometer Bardet) R' (corr) = R+m-Cd+Cm (linear interpolation of R') (from chart) Fetter) 14, Fetter) (Eq. l ,  Bardet) Percent 
Time Temperature Temperatu Reading (g/L) (g/L) (from chart) (mm) (cm) (g/cm-s) (g/cm3) (mm) Finer 
Time (min) (FO) re (C0) R m HR H HR 11 pw D (%) 
1 0: 1 3  0.5 72 22.2 44.0 0.05 39.6 3.52 2.492 0.01 005 0.998203 0.03 1363638 95.3 
10: 1 4  1 72 22.2 43.0 0.05 38.6 3.68 2.657 0.0 1 005 0.998203 0.022899880 92.6 
1 0: 1 6  3 72 22.2 42.5 0.05 38. 1 3.77 2.740 0.0 1 005 0.998203 0.0 1 3424943 9 1 .2 
1 0:23 10  72 22.2 40.0 0.05 35.6 4. 1 8  3 . 152 0.0 1 005 0.998203 0.007887339 84.3 
1 1 : 1 3  60 72 22.2 25.0 0.05 20.6 6.65 5.627 0.0 1 005 0.998203 0.004302296 43.0 
1 1 :43 90 7 1  2 1 .7 22.5 0.05 1 8 . 1  7.07 6.040 0.0098 1 0.997992 0.003595953 36. 1 
1 0:43 1 ,470 7 1  2 1 .7 1 5 .0 0.05 10.6 8.30 7.277 0.0098 1 0.997992 0.000976680 1 5 .4 
Crabtree Farms: 2B 13-27,9cm 
Xd=- 50 * Vd= l 00 mL Cd= 5 �  Cm= 0.5 * Wo= 25. 1 9  g Gs= 2.56 Vb= 60 cm3 de= 6. 1 cm2 A= 29.22 cm2 
Temperature viscosity of Density of 
Correction water water 
00 (Fig 5, Corrected Reading Distance of Fall (Appendix 14, (Appendix Grain Size 
0 Elapsed Hydrometer Bardet) R' (corr) = R+m-Cd+Cm Depth ofFall (from chart) Fetter) 14, Fetter) (Eq. l ,  Bardet) Percent 
Time Temperature Temperatu Reading (g/L) (g/L) (from chart) (linear interpolation of R') (cm) (g/cm-s) (g/cm3) (mm) Finer 
Time (min) (F°) re (C0) R m HR (mm) H HR 11 pw D (%) 
1 1 :20 0.5 7 1 . 5 22 28.0 0.05 23.6 6. 1 6  5 . 1 32  0.00958 0.99777 0.043950823 46.0 
1 1 :2 1  I 7 1 .5 22 27.0 0.05 22.6 6.32 5.297 0.00958 0.99777 0,03 1573569 43.6 
1 1 :23 3 7 1  22 26.5 0.05 22. 1 6.4 1 5.380 0.00958 0.99777 0.0 1 83704 1 7  42.3 
1 1 :30 10  7 1  22 23.0 0.05 1 8.6 6.98 5.957 0.00958 0.99777 0.0 1 0588209 33.7 
1 2:25 65 68 20 20.0 0.05 1 5.6 7.48 6.452 0.0 1 005 0.998203 0.0044261 68 26.2 
1 2 :50 90 68 20 1 7.0 0.05 1 2.6 7.97 6.947 0.0 1 005 0.998203 0.003903 146 1 8.8 
1 3 :33 133  68  20 16.0 0.05 1 1 .6 8. 14 7 . 1 12 0.01 005 0.998203 0.003248684 1 6.3 
14:30 190 67 1 9  16.0 0.05 1 1 .6 8. 14 7. 1 12 0.0 1030 0.998405 0.00275 1 23 1  1 6.3 
1 1 :20 1440 67 1 9  13 .0 0.05 8.6 8.63 7.607 0.01 030 0.998405 0.00 1033555 8.9 
Crabtree Farms: 28 39.S - 54.6 cm 
Xd= SO g/L Yd= 1 00 ml Cd= S g/L Cm= 0.5 g/L Wo= J 8.73 g Gs= 2.56 Vb .. 60 cm3 de= 6. 1 cm2 A= 29.22 cm2 1 cn:pc1atmc O:SCOYIIJ 61 BC:Sllj GI 
Correction water water 
(Fig 5, Corrected Reading Distance of Fall (Appendix 1 4, (Appendix Grain Size 
Elapsed Hydrometer Bardet) R' (corr) = R+m-Cd+Cm Depth of Fall (from chart) Fetter) 14, Fetter) (Eq. l ,  Bardet) Percent 
Time Temperature Temperatu Reading (g/L) (g/L) (from chart) (linear interpolation of R') (cm) (g/cm-s) (g/cm3) (mm) Finer 
Time (min) (F°) re (C0) R m HR (mm) H HR 'l pw D (%) 
1 1 : 1 2  o.s 72 22 1 8.0 0.05 1 3.6 7.8 1 6.782 0.009579 0.99777 0.050524565 46.8 
1 1 : 1 3  I 7 1  22 1 7.0 0.05 1 2.6 7.97 6.947 0.009579 0.99777 0.036158245 4 1 .4 
1 1 : 1 5  3 7 1  22 1 6.5 0.05 1 2. 1  8.06 7.030 0.009579 0.99777 0.020999564 38.6 
1 1 :22 J O  7 1  22 1 5.0 0.05 1 0.6 8.30 7.277 0.009579 0.99777 0.0 1 1 702668 30.5 
1 2: 1 2  60 71  22 1 2.S 0.05 8. 1 8.72 7.690 0.009579 0.99777 0.00491 1 1 38 1 6.9 
1 2 :42 78 7 1  22 1 2.0 0.05 7.6 8.80 7.772 0,009579 0.99777 0.004330398 1 4.2 
1 4 : 1 2  1 80 7 1  22 1 0.S 0.05 6. 1 9.05 8.020 0,009579 0.99777 0.00289565 6.0 
1 5: 1 5  24 1 .8 70 2 1  1 0.0 0.05 5.6 9. 1 3  8 . 102 0.00981 0.997992 0.002540989 3 .3 
8:28 1 269.6 70 2 1  1 0.0 0.05 5.6 9. 1 3  8 . 1 02 0.0098 1 0.997992 0.001 1089 1 3  3.3 
1 5 :28 1689.6 70 2 1  1 0.0 0.05 5.6 9. 1 3  8. 1 02 0.0098 1 0.997992 0.00096 1 256 3.3 
Crabtree Farms: 21'i j0,48-39.SOcm 
Xd= 50 g/L Yd= 100 mL Cd= S g/L Cm= 0.5 g/L Wo= l 8.73 g Gs= 2.56 Vb= 60 cm3 de= 6. 1 cm2 A= 29.22 cinl 
1 1 : 1 2  o.s 72 22 1 8.0 0.05 1 3.6 7.8 1 6,782 0.009579 0.99777 0.050524565 46.8 
1 1 : 1 3  I 71 22 1 7.0 0.05 1 2.6 7.97 6,947 0.009579 0.99777 0.036158245 4 1 .4 
1 1 : 1 5  3 7 1  22 1 6.5 0.05 1 2. 1  8.06 7.030 0.009579 0.99777 0.020999564 38,6 
1 1 :22 1 0  7 1  22 15 .0 0.05 10,6 8.30 7,277 0.009579 0.99777 0.0 1 1 702668 30.5 
00 1 2 : 1 2  60 7 1  22 1 2.5 0.05 8 . 1  8.72 7.690 0.009579 0.99777 0.0049 1 1 1 38 1 6.9 
1 2:42 78 71 22 12.0 0.05 7.6 8.80 7.772 0.009579 0.99777 0.004330398 14.2 
14 : 1 2  1 80 7 1  22  10.S 0.05 6. 1 9.05 8.020 0.009579 0.99777 0.00289565 6.0 
1 5 : 1 5  24 1 .8 70 2 1  1 0.0 0.05 5.6 9. 1 3  8. 102 0.00981 0.997992 0.002540989 3 .3 
8:28 1 269.6 70 2 1  1 0.0 0.05 5.6 9. 1 3  8. 1 02 0.00981 0.997992 0.00 1 1 089 1 3  3.3 
1 5 :28 1 689.6 70 21 1 0.0 0.05 5.6 9. 1 3  8. 1 02 0.00981 0.997992 0.00096 1256 3.3 
Crabtree Farms: !l'i �.6 - 81.3cm 
Xd= SO g/L Yd= 1 00 mL Cd= S g/L Cm= 0.5 g/L Wo= 22.04 g Gs= 2.56 Vb= 60 cm3 de"' 6.1 cm2 A= 29 .22 cm2 
1 1 :30 o.s 7 1 .5 22 25.0 0.05 20.6 6.65 5.627 0.009579 0.99777 0.04602 1646 84.9 
1 1 :3 1  I 7 1 .5 22 24.5 0.05 20. 1 6.74 5.7 1 0  0.009579 0.99777 0.032779908 82.2 
1 1 :34 3 7 1 .5 22 22.0 0.05 1 7.6 7. 1 5  6. 1 22 0.009579 0.99777 0.01 9597232 68.6 
1 1 :40 I O  7 1  22 20.0 0.05 1 5.6 7.48 6.452 0.009579 0.99777 0.01 1 0 1 9347 57.7 
1 2:30 60 69 2 1  1 5 .0 0,05 1 0.6 8.30 7.277 0.00981 0.997992 0.00483432 30.5 
1 2:55 85 69 2 1  1 4.0 0.05 9.6 8.47 7.442 0.00981 0.997992 0.004 10743 25.0 
1 3 :33 1 23 69 2 1  1 4.0 0.05 9.6 8.47 7.442 0.00981 0.997992 0.0034145 25.0 
1 4:30 1 80 69 2 1  1 4.0 0.05 9.6 8.47 7.442 0.00981 0.997992 0.002822561 25.0 
1 1 :30 1440 68 20 12.0 0.05 7.6 8.80 7.772 0.01 005 0.998203 0.00 1 032 102 1 4.2 
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APPENDIX D:  SEDIMENT AGE DA TING 
Age Dating Data Set 
Chattanooga Creek Sediment Core (Syreeta) 
Depth From From 
increme nuclide From nuclide 
nt report report report ± ± ± 
Whole Halt LSU7 
Core core core K40 Cs137 Cs137 K40 Cs137 Uncertaint 
Core radius area area Activity Activity Uncertai Activitiy (mBqlc Activitiy y 
Name Depth Depth (cm) (cm) (cm) (cm2) (cm2) (pCi) ± (pCi) (pCi) nty (pCi) (mBqlcm2) m2) (mBqlcm2)1 (mBqlcm2) 
0 23.58 
2A -28.5 27-30 3 2.54 20.268 NIA 604. 14 9.59 38.75 0.56 367.62 5 .83 23.58 0.34 
2A -67.5 65-70 5 2.54 20.268 NIA 572.61 14.20 2.42 0.37 209.06 5 . 1 9  0.88 0. 1 3  
2A - 1 20.5 1 1 8- 1 23 5 2.54 20.268 NIA 642.55 14.99 ND ND 234.60 5 .47 0.00 ND 
2A -1 46.5 1 34- 1 59 25 2.54 20.268 NIA 730.03 1 5.77 ND ND 53 . 3 1  1 . 1 5  0.00 ND 
0 2.96 
2B -4.4 0-8 .89 8.89 2.54 20.268 NIA 73 1 .57 14.50 14.39 0.53 1 50.22 2.98 2.96 0. 1 1  
2B - 14.61 1 0. 1 6- 1 9.05 8.89 2.54 20.268 NIA 788.94 1 6.44 5 1 .58  1 .0 1  1 62.00 3 .38 1 0.59 0.21 
2B -26.04 2 1 .59-30.48 8.89 2.54 20.268 NIA 735.49 1 5 .60 2 1 .08 0.67 1 5 1 .03 3 .20 4.33 0. 1 4  
2B -4 1 .28 36.83-45.72 8.89 2.54 20.268 NIA 732.47 1 7 .68 1 .99 0.40 1 50.4 1 3 .63 0.4 1 0.08 
0 3.64 
2C -4.4 0-8.89 8.89 2.54 20.268 NIA 679.53 1 5 .46 1 7.7 1  0.62 1 39.54 3 . 1 8  3.64 0. 1 3  
2C -5 0- 1 0  10 2.54 20.268 10 . 1 34 791 .76 12.72 1 8.21  0.46 289.07 4.64 6.65 0. 1 7  
2C - 1 4.61 1 0. 1 6- 1 9.05 8.89 2.54 20.268 NIA 852 . 1 3  1 1 .54 34.67 0.53 1 74.98 2.37 7. 1 2  0. 1 1  
2C -25.04 21 .59-29 .2 1 7.62 2.54 20.268 NIA 786.63 1 6.38 24.56 0.7 1  1 88.45 3 .92 5 .88 0. 1 7  
2C -30.2 25 .4-35 9.6 2.54 20.268 1 0. 1 34 105 5 .23 1 5 . 1 0  1 .3 1  0.26 401 .32 5 .74 0.50 0. 1 0  
2C -34.93 30.48-39.37 8.89 2.54 20.268 NIA 948.29 1 7.96 1 1 . 1 4  0.56 1 94.72 3 .69 0.00 0. 1 1  
2C -45.09 40.64-49.53 8.89 2.54 20.268 NIA 785 .04 16 . 12  ND ND 1 6 1 .20 3 . 3 1  0.00 ND 
2C -58. 1 7  53.34-63 9.66 2.54 20.268 1 0. 1 34 1068. 1 5  1 7.98 ND ND 403 .7 1  6 .80 0.00 ND 
ND not detected 
Age Dating Equations 
The following equations were used to convert the 1 37 Cs activity and the 4°K activity from 
pCi (Curie) units to mBq (bequerel) units. 
Core Diameter: 5 .08 cm 
Core Area: 20.27 cm2 
1 pCi (Curie) = 37 mBq (Bequerels) 
Whole Core Area = TT r2 
( 1 )  
(2) 
4°K Activity (mBq/cm2) = 
4°K Activity {pCi) *37 (3) 
Whole Core Area ( cm2 ) * Depth Increment ( cm) 
mBq/cm2 = + pCi *37 
Whole Core Area ( cm2 ) * Depth Increment ( cm) 
(4) 
1 37Cs Activity (mBq/cm2) = 1 37Cs Activity {pCi) *37 (5) 
Whole Core Area (cm2 ) * Depth Increment (cm) 
1 37Cs Uncertainty (mBq/cm2) = 1 37Cs Uncertainty (pCi) *37 (6) 
Whole Core Area ( cm2 )* Depth Increment ( cm) 
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APPENDIX E:  X-RAY FLUORESCENCE SPECTROSCOPY 
Hamill Road XRF Data Set 
Sample Depth Sum Al2O3 CaO Fe203 K.2O MgO MnO Na2O P2O5 SiO2 TiO2 
(cm) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) I C  3-6 -4.5 89.8 0.077 0.009 0.0 1 9  0.0 1 0  0.0 1 1 0.002 0.002 0.001 1 .26 0.0 1 0  
I C  1 3- 1 6  - 14.5 93.5 0.098 0.005 0.022 0.0 1 2  0.0 14  0.003 0.003 0.00 1 1 .27 0.0 1 2  
I C  23-26 -24.5 87.9 0.09 1 0.005 0.02 1 0.0 1 2  0.0 1 3  0.003 0.002 0.00 1 1 . 1 9  0.0 1 2  
I C  30.48-33 -3 1 .75 86.0 0.098 0.005 0.023 0.0 1 3  0.014  0.002 0.002 0.00 1 1 . 14 0.0 1 2  
I C  33-36 -34.5 95.9 0.082 0.004 0.0 1 8  0.0 1 0  0.0 1 2  0.002 0.003 0.00 1 1 .36 0.01 2  
I C  43-46 -44.5 95.4 0.094 0.004 0.022 0.0 1 1 0.0 14  0.003 0.003 0.00 1 1 .3 1 0.0 1 2  
I C  53-56 -54.5 96.2 0.084 0.003 0.0 1 9  0.0 1 0  0.0 1 2  0.002 0.003 0.00 1 1 .36 0.0 1 2  
IC  63-66 -64.5 96.4 0.075 0.003 0.0 1 6  0.009 0.0 1 1 0.002 0.003 0.00 1 1 .39 0.0 10  
I C  73-76 -74.5 95.9 0.06 1 0.003 0.0 14  0.007 0.009 0.002 0.002 0.00 1 1 .42 0.008 
I C  83-86 -84.5 97.5 0.057 0.006 0.0 1 1 0.007 0.009 0.00 1 0.002 0.00 1 1 .46 0.007 
1 -B 2-4.5 -3 .25 92.6 0.082 0.0 10  0.0 1 8  0.0 1 1 0.0 1 3  0.002 0.002 0.00 1 1 .29 0.0 1 1 
1 -B 1 2- 1 5  -1 3 .5 92.9 0.099 0.007 0.022 0.0 1 3  0.0 1 5  0.002 0.003 0.00 1 1 .26 0.0 1 2  
1 -B 22-25 -23 .5 95.0 0.09 1 0.002 0.020 0.0 1 1 0.0 1 3  0.00 1 0.003 0.001 1 .32 0.0 1 2  
1 -B 33-36 -34.5 94.3 0. 1 03 0.002 0.02 1 0.0 1 2  0.0 1 5  0.00 1 0.003 0.00 1 1 .28 0.0 1 3  
1 -B 43-46 -44.5 93.9 0.095 0.003 0.02 1 0.0 1 1 0.0 14 0.003 0.003 0.00 1 1 .29 0.0 1 2  
1 -B 53-57.5 -55 .25 93.0 0. 1 09 0.003 0.023 0.0 1 3  0.0 1 6  0.002 0.003 0.00 1 1 .24 0.0 1 3  
1 -B 63-66 -64.5 94.7 0.095 0.003 0.02 1 0.0 1 1 0.0 1 3  0.00 1 0.003 0.00 1 1 .30 0.01 2  
1 -B 73-76 -74.5 9 1 .6 0.095 0.002 0.0 1 8  0.0 1 1 0.0 1 3  0.00 1 0.003 0.00 1 1 .26 0.0 1 2  
1 -B 88-90 -89 95.2 0.087 0.002 0.0 1 9  0.0 1 0  0.0 1 2  0.00 1 0.002 0.00 1 1 .34 O.ol l 
1 -A-2 3-6 -4.5 92.0 0.099 0.004 0.0 1 9  0.0 1 2  0.0 1 5  0.002 0.003 0.00 1 1 .25 0.0 1 1 
1 -A-2 1 3-1 6 - 14.5 94.9 0.089 0.002 0.020 0.0 1 0  0.01 3 0.002 0.003 0.00 1 1 .33 0.0 1 0  
1 -A-2 23-26 -24.5 95.6 0.088 0.00 1 0.0 1 8  0.0 1 0  0.0 1 2  0.00 1 0.002 0.00 1 1 .35 0.0 1 0  
1 -A-2 33-36 -34.5 95.2 0.092 0.00 1 0.0 1 9  0.0 1 0  0.0 1 3  0.00 1 0.003 0.00 1 1 .33 0.0 1 1 
1 -A-2 43-46 -44.5  95.6 0.092 0.00 1 0.020 0.0 1 0  0.0 1 3  0.000 0.003 0.00 1 1 .34 0.0 1 1 
1 -A-2 53-56 -54.5 96.3 0.084 0.000 0.01 8 0.009 0.0 12  0.00 1 0.003 0.00 1 1 .37 0.0 10  
1 -A-2 63 .5-70 -66.75 96.2 0.087 0.000 0.0 1 8  0.0 10  0.0 1 2  0.002 0.002 0.00 1 1 .36 0.0 10  
1 -A-2 73-83 -78 93.6 0.098 0.000 0.020 0.0 1 1 0.0 1 3  0.002 0.003 0.00 1 1 .29 0.0 1 2  
1 -A-2 90-93 -9 1 .5 95.7 0. 1 02 0.001 0.022 0.0 1 2  0.0 14  0.002 0.003 0.00 1 1 .30 0.0 14  
1 -A-2 1 00-1 08 - 104 95.2 0. 1 07 0.001 0.023 0.0 1 3  0.0 1 5  0.002 0.003 0.00 1 1 .28 0.0 1 4  
1 -A-2 1 1 0- 1 1 3  - 1 1 1 .5 95.5 0. 1 03 0.00 1 0.022 0.0 1 3  0.0 14 0.003 0.003 0.00 1 1 .30 0.0 1 3  
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Crabtree Farms XRF Data Set 
Sample Depth Al2O3 CaO Fe203 K2O MgO MnO Na2O P2O5 SiO2 TiO2 
Al Ca Fe K Mg Mn Na p Si Ti 
2B 3-6 -4.5 90.8 0. 1 22 0.0 1 0  0.030 0.oI 8 0.020 0.002 0.003 0.002 1 . 14 0.014  
2B  1 3-1 8 - 14.5 92.5 0. 1 24 0.005 0.030 0.0 1 7  0.020 0.002 0.003 0.002 1 . 1 7 0.014 
2B 25-30 -27.5 93 .6 0. 1 1 4 0.003 0.026 0.01 5 0.01 7 0.002 0.003 0.001 1 .23 0.o t 5  
2B 40-50 -45 92.8 0. 1 1 5 0.002 0.024 0.0 14 0.0 1 7  0.002 0.003 0.00 1 1 .22 0.0 14  
2B 54.61 -60 -57.3 92.8 0. 1 09 0.002 0.022 0.0 1 2  0.0 1 6  0.001 0.004 0.00 1 1 .25 0.0 1 3  
2B 60-70 -65 92 .9 0. 1 05 0.002 0.02 1 0.0 12  0.0 1 5  0.00 1 0.004 0.001 1 .26 0.0 1 3  
2B 86.36- 1 00 -93.2 93 .2 0.097 0.003 0.02 1 0.0 1 1 0.0 14  0.003 0.003 0.00 1 1 .27 0.0 1 2  
2B  1 1 0- 1 20 - 1 1 5  92.8 0. 1 03 0.003 0.022 0.0 12  0.0 1 5  0.003 0.003 0.00 1 1 .25 0.0 1 3  
2B 1 30- 140 - 1 35 94.5 0.09 1 0.004 0.022 0.01 1 0.0 1 4  0.003 0.003 0.00 1 1 .30 0.0 1 2  
2C  3-6 - 1 .5 90.0 0. 1 27 0.008 0.03 1 0.0 19  0.02 1 0.003 0.003 0.002 1 . 1 2  0.0 14  
2C  16-20 - 1 2  9 1 .6 0. 1 54 0.005 0.034 0.022 0.025 0.00 1 0.003 0.002 1 .09 0.0 14  
2C 33-36 -34.5 93 .8 0. 1 39 0.001 0.029 0.0 1 7  0.o t 8  0.002 0.004 0.00 1  1 . 1 7  0.0 1 5 
2C 43-46 -44.5 93 .6 0. 1 50 0.001 0.029 0.oI 8 0.0 1 9  0.003 0.004 0.001 1 . 1 5  0.o t 5  
2C 49-76 -52.5 94.8 0 . 1 1 6  0.000 0.033 0.0 1 6  0.0 1 5  0.00 1 0.004 0.00 1  1 .23 0.0 1 3 
2C 50-55 -54.67 93 .8 0. 1 38  0.00 1 0.029 0.0 1 7  0.0 1 8  0.002 0.004 0.00 1 1 . 1 8  0.o t 5  
2C 53.34-56 -64.5 92.5 0. 1 22 0.000 0.027 0.0 1 6  0.0 1 6  0.001 0.004 0.00 1 1 .20 0.014  
2C  63-66 -72.5 94.2 0. 1 24 0.000 0.030 0.0 1 7 0.0 1 6  0.002 0.004 0.00 1 1 .2 1  0.0 14 
2C 73-76 -74.5 94.9 0. 1 14  0.000 0.033 0.0 16  0.o t 5  0.00 1  0.004 0.00 1 1 .24 0.0 1 3  
2C 100- 1 05 - 1 02.5 95.5 0.099 0.000 0.024 0.ot 6 0.0 1 3  0.000 0.005 0.00 1  1 .30 0.0 1 2  
2C  1 10- 1 1 3  - 1 1 1 .5 95.8 0. 1 00 0.000 0.024 0.0 1 6  0.0 14 0.00 1 0.005 0.00 1 1 .30 0.01 2  
2 C  1 24- 1 30 - 1 27 94.6 0. 1 1 2  0.00 1 0.025 0.0 17  0.0 1 6  0.00 1 0.006 0.00 1 1 .25 0.0 1 2  
2C 140- 145 - 142.5 94.9 0. 1 06 0.001 0.023 0.0 1 7  0.0 1 6  0.00 1 0.006 0.00 1 1 .27 0.0 12  
2A 28-3 1 .8 -29.9 87.7 0. 145 0.0 1 0  0.035 0.020 0.024 0.00 1 0.003 0.002 1 .03 0.0 1 3  
2A 3 1 .8-33 -32.4 84.9 0. 1 33 0.0 1 3  0.034 0.0 1 8  0.022 0.001 0.003 0.003 1 .0 1  0.0 1 3  
2A  50-70 -60 87.2 0. 1 20 0.008 0.029 0.0 1 6  0.0 1 9  0.001 0.003 0.002 1 .09 0.0 14 
2A 1 10- 120 - 1 1 5  90.8 0 . 1 1 7  0.005 0.027 0.0 1 7  0.0 1 7  0.003 0.003 0.00 1 1 . 1 6  0.0 1 6  
2A 140- 1 50 - 145 91 .2 0. 1 22 0.005 0.028 0.0 1 7  0.0 1 8  0.002 0.003 0.00 1 1 . 1 6  0.o I 5  
2A 1 50- 158  - 1 55 92.3 0 . 1 1 9  0.005 0.028 0.0 16  0.0 1 7  0.002 0.003 0.00 1 1 . 1 9  0.o t 5  
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Molecular Ratio Equations 
I. Hydrolysis 
Alumina / Bases = AhO3 I (CaO + MgO + K2O Na2O) 
Alumina / Silica = AhO3 I SiO2 
Barium / Strontium = Ba / Sr 
II. Oxidation 
Total Iron / Alumina = (Fe2O3 + FeO) / AhO3 
Total Iron & Manganese / Alumina = (Fe2O3 + FeO + MnO) / AhO3 
III. Salinization 
Alkalis / Alumina = K2O + N a2O / AhO3 
Soda / Potash = N a2O / K2O 
Soda / Alumina = Na2O / AhO3 
X-Ray Fluorescence Spectroscopy QA-QC 
Two standards (GSD-11 and NB 2704) and a sample blank ( lA-2 33-36) were 
used during each XRF run. There QA-QC are as follows: 
Q) 
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APPENDIX F: P AH ANALYSIS 
P AH Data Set for Hamill Road and Crabtree Farms 
Hamill Road 
Compound PAH Log (PAH 
(mg/Kg) Depth tPAH Ratio Ratio Log (tPAH) 
I A  0-3 - 1 .5 1 .47E+Ol 2 .46E-0 1 -6.09E-01 1 . 1 7E  00 I 
1 l A  6-10 - .0 5.71E+OO 1 .90E-01 -7.2 1E-01 7.57E-O L 
I A  10-13 - 1 1 .S 7. 1 7E+OO 1 .98E-01 -7.03E-01 8.56E-01 
1 1 A  16-20 -1 .0 5.54E+OO 2. 12E-0 1 -6.73E-01 7.44E-01 
20-23 9.56E+OO 2.03E-0 1 -6.93E-01 9.80E-01 
_ 40-43 l .76E-01 3.74E-0 1 -4.27E-0 1 -7.55E-0 1 
56-61 7.7 1E-02 9.0SE-01 -4.33E-02 1 - l . 1 1 E  00 
83-86 6.59E-02 l .77E+OO 2.48E-01 - l . 1 8E+OO 
8.84E-02 l .06E+OO 2.6 1E-02 -I .OS +00 
-1 1 9.0 8.03E-02 1 .46E l .63E-01 - 1 . IOE 00 
- 17.0 1 .04E+02 2 . 14E-0 1 -6.70E-0 1 2.02 .E+OO , 
-27.5 1 .39E+Ol 1 .68E+OO 2.24E-01 1 . 14 +00 
-41 .5 2.40E+Ol l .93E-0 1 -7. 14E-01 
-4 I 2.20E+02 2.87E-0 1 -5.42E-01 
-5 1 .S 4.57E+Ol 2.83E-0 1 -5.48E-01 
-5 .5 4.49E+02 2.32E-0 1 -6.34E-01 2.65 +O 
-68.0 -6.65E-01 3 .29E+OO 
I C  0-3 -L5 - l .4 1E+OO 4.36E-01 
IC 6-10 -8.0 - l . 19E+OO ; 1 .29E+OO 
l C  10-13 - 1 1 .5 4. 1 3E+Ol i -8.42E-01 1 .62E 00 
IC  16-20 - 18.0 l .59E+Ol - 1 . 1 3E+OO 1 .20E 00 : 
I C  26-30.5 -28.2 L6 +O 2.2 1E-0 1 -6.57E-01 2.21 E-01 
I 36-43 -39.5 5. I OE-01 4.40 ' -02 - l .36E+00 -2.93E-01 
I. C 46-53 -49. 7. 5 -02 l .20E-01 -9.20E-01 - 1 . 1  IE+OO 
I C  56-63 4. 7 -02 l .6 1E-01 -7.94E-011 - l .3 I E·t-00 
I C  66-73 -69. 2.32E-01 9. 5 E-02 -1 .02 rO , -6.34E-Ol : 
I C  76-83 -79.5  3 .38 -0 .. 2 .39E-Ol -6.2 1E-O l - I .47E+OO 
I C  86-93 -89.5 1  6.4 1E-02: 1 .29E-Ol -8.90E-01 - 1 . 1 9 +o 
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Compound 
(mg/Kg) Depth 
21 0-10  
' 2  10-20 
l 20-28 
2 40-50 
2 61 -70 
2 80-93 
2 1 03-1 1 0  
2 128-140 
2B 0-10  
2 B  10-20 
28 20-29.7 
2B 30.48-40 
lB 40-50 
2 B  54.61-60 
2B 60-70 
2B 70-81 .28 
2B  81 .3-86.4 
2B 100-110 
2B 1 20-130 
2B 140-146 
2C 0-10  
2 25.4-30 
, 2  36-40 
,2 46-50 
�c 56-60 
, 1C 60-63 
2, 76-81 .3 
2C 92.7-100 
12 107.5-1 1 0  
iZC 1 1 3-1 24 
l2 130-140 
�c 145-1 54.9 
-5.0 
-1 5.0 
-2 .0 
I -45.0 
-65.5 
-86..5 
-106.5 
-1 4.0 
-5.0 
-10.0 
: -24.9 
; 
-35.2 
I -45.0 I -57.6 
-65 .0 
-75.6 
-83.8 
-105.0 
-1 25.0 
-145.0 
-5.0 
-27.7 
I -38.0 
-48.0 
II -58.0 
-6 1 . 5  
-78.6 
-96.4 
-1 8 .8  
-1 1 8 .5 
-135.0 
-1 50.0 
Crabtree Farms 
tPAH 
8.3 1E+Ol 
6. 17E+Ol 
6.28E+Ol 
l .08E+02 
3.04E+02 
2.70E+Ol 
5 .73E-Ol 
3 .67E+OO 
3 .59E+ol 
1 .7 1E+Ol 
4.98E+Ol 
l .62E+Ol 
8.77E+OO 
1 .26E-Ol 
l .26E-Ol 
l .26E-Ol 
l .26E-Ol 
l .33E-Ol 
7.74E-02 
l .65E-Ol 
2 .48E+Ol 
l . l OE+Ol 
9.35E-02 
l .53E-02 
3.55E-03 
4.77E-02 
5 .35E-02 
6.77E-Ol 
l .07E-02 
6 . 1 7E-02 
5 .44E-02 
5 .82E-02 
PAH 
Ratio 
2.7 1E-Ol 
2 .42E-Ol 
2 .71E-Ol 
5 . 12E-Ol 
l .8 1E-Ol 
2.60E-Ol 
7.88E-Ol 
3.2 1E-Ol 
l .55E-Ol 
8.56E-02 
8.95E-02 
l .09E-Ol 
l .28E-Ol 
5.78E-02 
5.78E-02 
5.78E-02 
5.78E-02 
1 . 14E-Ol 
9.80E-02 
2 . 1 2E-Ol 
l .63E-Ol i 
8.28E-02 
9.29E-02 
2 .0lE-01 
5.03E-Ol 
5. 1 8E-02 
l .8 1E-O l 
1 .3 1E-Ol 
5 . I 7E-02 
2 .83E-Ol 
3 .03E-Ol 
3 . 14E-Ol 
90 
Log (PAH 
Ratio) Log (tPAH) 
-5.67E-Ol l .92E 00 
-6. 17E-Ol , l .79E 00 
-5.68E-Ol I .BOE 00 
-2.91E-Ol 2.03E 00 
-7.41 E-Ol 2 .48 , 00 
-5.86E-Ol 1 .4 00 
- l .04E-Ol -2.42E-Ol 
-4.93E-O l 5 .64E-O l 
-8. l l E-01 l .55E+OO 
- l .07E+OO l .23E+OO 
-1 .05E+OO l .70E+OO 
-9.63E-Ol l .2 1 E+OO 
-8.92E-O l 9.43E-O l 
-l .24E+OO -9.0 l E-0 1 
- l .24E+OO -9.0 l E-01 
- 1 .24E+OO -9.0l E-0 1 
- 1 .24E+OO -9.0l E-0 1 
-9.44E-Ol -8.76E-Ol 
- 1 .0 l E+OO -1 . 1  lE+OO 
-6.73E-Ol -7.82E-O l 
-7.89E-Ol l .39E 00 
- l .08E+OO l .04E 00 
-l .03E 00 -l .03E 00 
-6.96E-Ol 1 -l .82E 00 
-2.99E-Ol -2.45E 00 
-l .29E 00 -l .32E 00 
-7.43E-Ol - 1 .27 +00 
-8.83E-01 - l .69E-O I 
- 1 .29 +00 -l .97E+OO 
-5.49E-Ol - l .2 1 E i 00 
-5. 19E-Ol -l .26E+OO 
-5.03E-Ol - l .24E 00 
Equations used in P AH analysis 
To convert the area values produced by the GC-MS, a series of equations are used to 
convert the values from area to mg/kg of soil. The following equations were used: 
Concentration (mg/L) = ((compound {area))/ {standard (compound})) * std ppm ( I )  
((closest internal standard compound (area))/ (Standard (Internal Standard Compound)) 
Concentration (mg/Kg) = ((concentration (mg/L) * final solution (L) * I /mass (Kg) (2) 
* ( 1 - mo 
9 1  
'° 
N 
Extraction and GC-MS QA-QC Assessment 
Compound 
Nitrobenzene-d5 
2-Fluorobiphenyl 
p-Terphenyl-dl4 
Compound 
l ,4-Di-CI-Benzene-d4 
Naphthalene-d8 
Acenaphthene-d 1 0  
Phenanthrene-d I 0 
Chrysene-d 12 
Perylene-d 12 
Compound 
1 ,4-Di-CI-Benzene-d4 
Naphthalene-d8 
Acenaphthene-d I 0 
Phenanthrene-d I 0 
Chrysene-dl2 
Perylene-d l 2  
Compound 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo[a]anthracene 
Chrysene 
Benzo[b ]fluoranthene 
Benzo[k]fluoranthene 
Benzo[e]pyrene 
Benzo[a]pyrene 
Indeno[ 1 ,2,3-c,d]pyrene 
Benzo[g,h,i]perylene 
Dibenz[ a,h ]anthracene 
Sur 
1 1 % 1% 
1 2% 2% 
1 1 % 1 %  3% 1% 3% 
Surrogate Internal Std. Oppm Internal Std. 
1 B  I C  2A 2B 2C Ruuie Avcr11Ec IA 1B I C  2A 2B 2C 
1 1 % 4% 6% 0% 3% � '0-3°/4' � ;, .,. $Vii"'"' I% 6% 1 3% 0% 4% 6% 
2% 0% 12% 1% 3% ",9t ll,%��11i '. l•/4 - � 1% 6% 1 2% 1 %  4% 5% 
,Jj.g,%" *1@ i'sP/4 -00 1% 9% 2% 9% 1% 3% 
6% 2% 7% 1% 2% b'&-� "
� 
9% 0% 3% 1% 3% 1}-9�1l('f 
9% 4% 4% 1% 4% 1,.9¾: ;l Iii 
l ppm lntcr1111.I Std. 
I B  I C  2 8  2C 
1 1 % l0% 4% l :il% 
1 1 % 10% 6% 16% 6,. l l'. o/11,, 
1 2% 9% 5% 1 6% ,S�l6'ft,� 
1 2% 6% 3% 1 7% H1% 
3 1 %  1 1% 7% 26% 7-J, f *Yo' 
30% 1 8% 1 7% 46% t,1-4�04 
L ppm Std. 
1B  I C  2 8  2C Ra11 c 
1 8% 1 8% 9a;r, l 8% �:�a� 
29% 24% 20% 27% :W-l9%"-11 
22% 1 8% 8% 20% �H!�o n�· r 
34% 24% 1 3% 23% U-�4% �� , 
3 1 % 20% 7% 1 9% 1-3J¾ 9%� � 
3 1 % 22% 10% 20% lO,J tW 11.,,¾ � 
45% 28% 1 6% 27% 1�4511/4 -� J¾ : '. . � t 4 1% 27% 1 4% 25% 44"!4Pi/a< -:2�w. 1 
54% 29% 19% 33% t9!54V» ,��1 
' ")- �� 
29% 20% 6% 27% 6-l,%, fl m .!,-t"ft, 
6 1 %  43% 37% 54% 37-(fWJi lll }�/•. I 
45% 35% 27% 48% 27-18% •• llfil 
l 46% 39% 3 1  % 49% ,' )-49"/» 393/, 
82% 56% 55% 69% 1�-s2•/.;_
'. !_f,l<f/w, # 
75% 60% 54% 7 1% �"1/o/o 2-Pfi " (j 
40% 52% 13% 75% J3 .. 75%f '6S°/4'1 r,i; 
74% 59% 10% 75% J 0¾-75'¾, *  '.4S¾'. *  
6% 10% 0% 4% 4% 
4rt -� 1 %  6% 34% 1 %  2% 5% 
3o/a: r:;J 1% 1 0% 29% 0% 6% 1 3 %  
5 %  2% 4% 35% 1% 14% 37% 
Sppm. h1termll Std. 
1B 
9% 
1 %  
9% 
7% 
13% 
1 3% 
1B  
9% 
1 1 % 
10% 
1 5% 
1 2% 
1 1% 
1 7% 
14% 
1 9% 
1 1% 
1 9% 
1 1% 
1 3% 
17% 
20% 
1 8% 
1 6% 
I C  
3% 
1% 
2% 
2% 
1% 
6% 
I C  
3% 
4% 
2% 
1 %  
2% 
2B 2C Rao I! Ave'ra. .c 
9% 1 3% : ;-::f3(lt• 
8% 1 2% J i l'>!Q�i!!j 4 
9% 10% t�!i,.�· � 
9% 9% t �r-9%. '9% 
"' 
*"... . � 
1 1 % 1 3% � J-;,13'0/4 sit.,.. 
1 9% 3 1 %  � 0/4 : ,:,,i...,�· .  
Sppm Std. 
2B 2C Ra11 Avera .e-
l 2% 6% 8o/u.' 
l A  
0% 
0% 
0% 
0% 
0% 
0% 
IA  
0% 
1 5% 9% �·1"'7@i 0% 
12% 
1 3% 
1 1% 
7% l!"llo{' 't�� � 0% 
7% 14�0/d' !!Iii �fy · � 0% 
6% 1-ntli '1%. § 1 %  
2 %  1 2% s ¾  �2-1 w; ,Bl8'o/.j) j o¾ 
}% 1 3% 8% wf:. J 7'!fu- 11, �8¾ I 0% 
1% 12% 7% ,t.J�;!o .. f2f( . � 0% 
3% 16% 1 6% �3-19%- � '9'% �: 0% 
1% 1 1 % 1 1% &--Ii %11i U•Af 1 0% 
9% 26% 32% �M'6-'r ¾' �'g· . 1 %  
s ¾  1 8% 2s% !.,,,s�zs¾ }i�': 0% 
8% 22% 28% �j°So/11"' 1 5-t� i 0% I » . � 1 0% 30% 40% j 10.4,Q9/c& r.:, l��@ 0% 
25% 54% 55% 1 !�-S�o/ci l t%4 1 0% 
1 7% 3 1 % 39% .t-z�s9-rci l�o/0:� 0% 
1 9% 4 1 %  46% qf-46"o/'al .,..,.,2C>',...w i,, ,k 0% 
20ppm l otenal Std .. 
1B  IC  2A 2B 2C RllDl!ll 
l 8% 1 0% O¾ l I u 4% 
12% 8% 1 %  9% 4% 
19% 10% 1 %  10% 5% 
22% 13% 1 %  10% 
22% 16% 0% 9% 
2 1 %  2 1 %  1 %  9% 
:2.0ppm Std. 
IB IC 2A 2B 2C 
1 8% 1 -5% 1 %  1 4% 2'¾ 
24% 1 7% 1 %  1 4% 2% 
2 1 %  14% 1 %  1 3% 2% 
24% 17% 1 %  1 3% 3% 
2 1 %  16% 1 %  1 3% 2% 
2 1% 16% 1 %  1 3% 3% 
5% 1 8% 1 %  1 3% 2% 
26% 1 7% 1 %  1 3% 2% 
26% 1 9% 2% 13% 2% 
1 8% 17% 1 %  1 3% 
24% 2 1 %  1 %  1 3% 
2 1 %  1 8% 1 %  1 3% 
2 1% 1 9% 0% 1 3% 
2 1 %  20% 1% 1 3% 
20% 26% 1 %  20% 
7% 22% 1 %  1 6% 
1 7% 23% 1 %  1 8% 
Surrogate Standard Extraction Efficiency 
Blank l 
Blank 2 
Blank J 
Blank 4 
Blank S 
Blank la 
Blank 2a 
Blank Ja 
Blank 4a 
Blank lb  
Blank 2b 
Blank Jb 
Blank 4b 
Blank Sb 
Blank le  
Blank 2c 
Blank Jc 
Blank 4c 
Blank ld  
Blank 2d 
Blank 3d 
Blank 4d 
Blank Sd 
Blank lg 
Blank 2g 
Blank 4g 
Blank Sg 
Blank Jf 
Blank Sf 
AVERAGI 
RANGE 
0% 5% 
0% 50% 
0% 2% 
0% 1 0% 
0% 9% 
0% 1% 
0% 1 %  
0% 1 %  
0% 1 %  
0% 1 %  
0% 2% 
0% 1 %  
0% 2% 
0% 2% 
0% 2% 
0.2% 45% 
0% 2% 
0% 29% 
0% 2% 
0% 2% 
0% 2% 
0% 2% 
0% 2% 
66% 
1 49% 
65% 
73% 
58% 
0% 
0% 
1 %  
1 0% 
1 7 1 %  
1 88% 
0% 
0% 
1 %  
89% 
1 00% 
85% 
1 1 6% 
1 %  
0% 
0% 
0% 
0% ---------� 
0% 1 %  
0% 1 %  
0% ] %  
0% 2% 
0% 1 %  
0% 1 %  
0% 
0-.2% 
6% 
0-50% 
40% 
24% 
32% 
24% 
5 % 
2 %  
47% 
0- 1 88% 
93 
lA 40-43 
lA 56-61 
lA 83-86 
lA 96-100 
lA 1 1 6-122 
1B 15-19 
1B 25-30 
1B 40-43 
1B 46-50 
1B 50-53 
1B 57-60 
1B 66-70 
JC 0-3 
JC 6-10  
JC 10-13 
JC 16-20 
JC 26-30.5 
JC 36-43 
JC 46-53 
J C  56-63 
JC 66-73 
JC 76-83 
JC 86-93 
AVERAGE 
RANGE 
Average % Extraction 
1 % 33% 12 1% 
6% 
35% 
1 8% 
34% 
1% 
2% 
0% 
1 3% 
39% 
3% 
22% 
0% 
0% 
24% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
9% 
0-34% 
85% 
1 08% 
88% 
89% 
1 3% 
2 1% 
1 1 % 
36% 
50% 
1 7% 
3% 
1% 
2% 
8 1% 
2% 
1 7% 
2% 
2% 
2% 
3% 
3% 
4% 
29% 
0- 108% 
1 1 2% 
1 1 0% 
1 1 5% 
1 1 0% 
8% 
1 3% 
7% 
23% 
32% 
1 1% 
2% 
9% 
57% 
127% 
25% 
122% 
3% 
1 % 
44% 
8% 
6% 
147% 
53% 
0- 147% 
2A 0-10 
2A 10-20 
2A 20-28 
2A 40-50 
2A 61-70 
2A 80-93 
2A 1 03-1 1 0  
2A 128-140 
2B 0-10  
2B 10-20 
2B 20-29.7 
2B 30.48-40 
2B 40-50 
2B 54.61-60 
2B 60-70 
2B 70-81.3 
2B 81.3-86.4 
2B 1 00-1 1 0  
2 B  1 20-130 
2B 140-146 
2C 0-10 
2C 25.4-30 
2C 36-40 
2C 46-50 
2C 56-60 
2C 60-63 
2C 76-81 .3 
2C 92.7-1 00 
2C 1 07.5-110 
2C 1 13-124 
2C 130-140 
2C 145-154.9 
AVERAGE 
RANGE 
94 
29% 74% 125% 
20% 66% 1 1 5% 
27% 
27% 
30% 
12% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
1 % 
0% 
0% 
0% 
0% 
0% 
0% 
25% 
0% 
36% 
8% 
5% 
7% 
0-36% 
73% 
73% 
67% 
6 1% 
1 2% 
4% 
3% 
2% 
2% 
2% 
2% 
1 3% 
2% 
12% 
2% 
2% 
2% 
2% 
25% 
2% 
3% 
4% 
2% 
2% 
2% 
77% 
2% 
88% 
75% 
36% 
25% 
0-88% 
1 1 7% 
13 1% 
1 1 7% 
1 1 7% 
106% 
94% 
84% 
3 1% 
13 1 % 
1 8% 
104% 
98% 
73% 
97% 
80% 
33 1% 
9 1% 
1 10% 
247% 
6 1 % 
3% 
175% 
129% 
6 1 % 
6 1 % 
194% 
83% 
193% 
190% 
164% 
1 1 7% 
0-247% 
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